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LFTTHR OF TRANSMITTAL. 


Department of the Interior, 

^ • Bi;keau of Education, 

M ash ingion , February 14 , 1917 , 

Sir: To meet, to some extent at least, the demand of school officers 
and business men of the I'nited States for information in regard to 
standards and scope of higher technical education in foreign countries, 
I recommend that the manuscript transmitted, herewith be published 
as a bulletin of the Bureau of Education. This manuscript has been 
prepared at my request by Anna Tolman Smith, specialist in foreign 
educational systems, and W. S. Jesien, specialist in Slavonic languages 
and -the history of education in Slavonic countries. 

R esp ec t f uily submit t cnl . 

P* P. ClAxton, 

r , n Commissioner. 

iae S ecretary of the Interior. 
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HIGHER TECHNICAL EDUCATION IN 
FOREIGN COUNTRIES. 


INTRODUCTION. 

Interest, in technical education of the higher order has been greatly 
increased by the European war, and as n consequence numerous in- 
quiries have been recently received at the Rureau of Education with 
regard to the higher technical schools of foreign countries. These 
inquiries relate in the main to the, organization and conduct of the 
foreign schools, their courses of instruction, and the relative value of 
their diplomas. The endeavor has been made in this bulletin to meet 
such inquiries, whether general or specific, by means of information 
drawn from official and other authoritative sources. 

In a broad survey of the subject it. is seen that while the term 
technical is used often in a comprehensive sense, including com- 
mercial, agricultural, and engineering schools, it is more generally 
restricted to schools which specialize in' engineering and the mechani- 
cal arts that involve the applications of science. In this limited sense 
the term is used in the present bulletin; but even this restricted 
province includes schools exclusively professional in their purposes 
and those that combine with departments of professional engineering 
a wide range of specialties relating to productive industry. 

On account of the varying scope of technical institutions and the 
differences between countries in respect to classification, it is impos- 
sible to employ a uniform scheme of ppaental i«»n for institutions 
selected as typical and equally impossible to institute exact compari- 
sons between their programs and their standards. It nmy be said, 
ho-vever, that all the institutions here classed as higher technical, with 
the few exceptions hereafter noted, require the same entrance quali- 
fications as the universities of their respective countries and confer 
diplomas that have equal value with the university diplomas. These 
two conditions afford a basis of classification which has been main- 
tained in the bulletin. The matter presented includes therefore (1) a 
survey of the studies preliininary to the higher technical schools, (2) 
accounts of typical schools, (3) statistical summaries comprising ad-, 
ditional institutions of the same order. 
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So Far as possible the information in regard to each country is r; 
arranged under the given heads in the order named. The accounts 
of typical schools referred to under (2) include in a few instances de- 
tailed programs. These will serve to suggest the contents of the 
similar courses of instruction in other institutions which are pre- 
sen toil in brief outline to avoid wearisome repetition. 1 

The courses <jf study preliminary to thciiigher technical instruc- 
tion are covered by the programs of secondary schools, which in 
nearly all foreign countries are fixed by official decrees and Are strictly 
maintained. Great* Britain is an exception in this respect, the 
secondary schools of that country' having large independence and 
individuality. At the same time the actual standard of preparation 
for the higher technical studies differs littlo from that maintained on 
the Continent. Hence the programs of the "German gymnasia and 
reakchulen and the French lyofos, which are very' fully presented 
under the respective countries, fairly represent European standards 
for admission to the higher orders of education, both general and 
technical. Marked deviations from these standards are discussed 
under the differen t ooun tries considered. 

It is noticeable that, while the courses of preparatory study differ in 
scope, stress is invariably placed upon mathematics anc^ the ele- 
ments of the exact sciences. As. a rule, in European countries if a 
candidate for admission to a higher technical school has had mainly 
a classical education he is required to take such courses in mathe- 
matics, physics, chemistry, etc., as will make good hisuleficienciee 
.in these studios. Thus, while the same mental maturity is demanded 
in candidates for the higher education, whether general or technical, 
it is recognized that the latter depends upon the habit of exact ob- 
servation and close reasoning, which is the product of scientific train- 
ing; practically, however, the twojorders of higher education rest 
upon the same basis. Jr 

In a completely organized system of technical education the line of 
relation between the lower grades and the highest starts with the 
modeling and weaving exercises of the kindergarten, and is continued 
by manual training and science studie^s in elementary and secondary 
schools. The various orders of technical schools diverge from tto 
main course of general education at successive stages: Continuation 
schools with & vocational bias follow the elementary grades; schools 
of arts and trades follow, the intermediate or higher grade elementary 
schools, while technical schools of the secondary order require for 
admission two or . three years of a secondary school course; the higher 
(t^luucal Bchools are distinguished from tne latter, by a standard of 
fjdm^on equivalent to the bachelor’s degree or the university 

1 These aaxxmtj are derived from protpectam, report*, and manuscript statements, for whkb tbioSte S 
b to the president, director, or other of th# res pecUve inetltutkne. 
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matriculation examination. In all European countries largo provi- 
sion has been made for the lower orders of technical training, and in 
particular provision for trade and ehginpering schools intended to 
provide directors and foremen of large industrial works. This class 
of institutions, which is not included in the present bulletin, has 
been quite fully considered in previous publications of this office. 1 
As a rule, both in Great Britain and in Germany the highest techni- 
cal schools ha ve^ developed from schools of the secondary order, 
although the latter are not regarded as preparatory to the former. 
Lven in Italy, where the two orders of technical education are closely 
correlated, a student from the secondary technical institutions must 
pass a year either in a preparatory section of the higher technical 
schools, or* in a university faculty of sciences before he can be regis- 
tered in the advanced teelyuca] courses. 

The close relation between the progress of industry and that of 
technical education is emphasized anew in every sunev of this sub- 
ject. Schools of military and naval engineering pertain directly to 
State service, but a much higher conception of technical education led 
to the establishment of the technical schools that now dispute with 
universities supremacy in the field of higher education. 

The Rcolo Polytechnique in Paris, the earliest institution of this 
order, was created in 1#94 by men who at the dawn of the scientific 
movement foresaw its vast promise for great industrial enterprises. 
This prophetic outlook also excited efforts for the diffusion of scientific 
knowledge among artisans of all orders; hence in the same year there, 
was created at Paris another institution, the Conservatory of Arts and 
Crafts, in which it was proposed that the histoyy of the development 
of the arts and their relation to the sciences should bo ‘taught along 
with technical processes and methods. These two 'purposes have 
determined the subsequent development of technical education in 
France, and they have both affected in greater or less proportion the 
organization of that interest in other countries. 

bibliography, p. U6. 
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"1 STANDARDS OF PREPARATORY TRAINING. 

/ In Germany, an in European countries generally, tho higjier tech- 
nical institutions draw their students cl lie fly from the, secondary 
schools: for general education. This preparation is also obtained in , 
* technical schools of the intermediate order, 

Tht secondary schools .— The secondary schools of Germany. which 
prepare students for admission to tlio university and higher technical 
schools, comprise* three types, as follow’s: Gymnasium, realgvmnu- 
aiuun and higher (obor) real school. Three sclumls all have a nineyear* 
cornpo, organis'd in three divisions: A lower division comprising 
Classes VI, V, IV, intended for pupils from 9 to 12 years of age; »n 
intermediate division comprising also three classes, untertertia {lower. 

! third), obortertia (upper third), and untorsoeunda (lower second h for 
ages Id to lh; and an upper division comprising classes olx>rseeunda 
(upper second), unterprima (lower first), and oberprimii (upiwr first) 
intended for ages 16 to 18. 

The work of each year in the secondary schools is tested by an 
examination which detdrminre the ability of tho student to pass on 
to the higher class. The leaving, or final “examination (ahiturientcu- 
examen), which takes place when thy pupil has' passed through olwr- 
pnma, marks the completion of the course in the full or nine-year 
secondary schools. Tiro leaving examination is conducted hv written • 
papers and orally. # 

, The written examination eoinprises for all the schools a German 
essay and the working of four mathematical questions pertaining to 
different branches of the subject. In respect to other subjects, the 
nutter of the written examination is determined by the kind of 
institution, but in ever)’ case it is based upon tho work of the upper 
division of the school, comprising upper second and lower and upper 
prima. 

- The oral examination comprises for all the schools Christian relig- 
ious toadfag, history, mathematics, and special exeicises in the * 
, remainhqpiubjecte determined by the type of school., 

Th* time-table of the realgymna&iunr given below represents a 
mean between that of the gymnasium and the higher real school. 

In the realgymnasium Latin is preserved, but has less time than in 
10 
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the gymnasium; Greek is omitted ;* English is added u a second 
modern language; and the time devoted to arithmetic, mathematics,' 
natural science, and drawing is increased. The distinctions will bo 
set^ri by comparing the columns of totals included in the time-table. 

T'lmr-tablt of th f r,*i/yymna*wm, tknring, by eh * «*, «r etkly hour* fur mrh *ubyei, 
v iXA total* /or the three type* oj \n*ttfuhon* 
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Curricula m those Mihjccts which an 1 generally emphasized in 
.preparation for higher technical studio are given, for t!u\ realgym- 
nasia, in the following outline. ^ * 

lAugwigrs — (a) German.-- Complete mastery of the native tongue, 
IkmIi in spcv^Jjjind writing, it* insisted upon,. A fair acquaintance 
with the national -literature, with understanding of thcT Spirit of tile 
imgius and the old Germanic world represented by them, is^jdso a 
requirement. The instruction in German calls for numerous’ tasks 
extM’uleti outside the Whool hours (Hftusliche Aufsfitze), stick as 
^composition, theses, ess ax’s, reading of classics, etc. 

(M Modern. --French and English are the two modern languages 
generally taught in German reaJgymnasia. The study of French is 
given more time than that of English. / * 

Tlie instruction in French aims at impartinjfto the students an . 
understanding of the important works of French literature of the 
last three centuries, and facility in the practical use of the language, 
both in speech and writing. The entire course of French extends 
over seven yVars, beginning with the quarta. Stress 'is placed on 
grammar and translatmn in the earlier period, and later upon reading 
and conversation. Translation into French is an important exercise 
in the higher classes. 

The instruction in English is carried out in a similar manner, ■ 
although a year less arid fewer hours a week are given to it than to 
F rench. English works since the time of Shakespeare are chosen for 
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the literary study. Special^ attention is given during the last year 
of the course to technical and scientific English terminology. 

Mathematics.— The program of mathematics in the reAlgymnasium 
is identical with that of the oberrealschule and is broader in scope 
than that followed in the classical gymnasia. It comprises: (a) 
Arithmetic up to the proof of the binomial theorem for indefinite 
..exponents; (6) algebra through equations of the third degree; (c) plane 
geometry, including symmetry; and spherical geomofry, including j 
principles of descriptive geometry; (d) plane and spherical trigo- 
nometry; (e) introduction to the theory of maxima and minima; (/) j 
^pl&ne analytic geometry. 

The study of mathematics is connected."with extensive work in the i 
solution of problems. [ 

Natural sciences.— 11 nder this head are included botany, zoology, • 
mineralogy, physics, and chemistry. Only general notions of biology 
are taught. Physics, beginning with the upper tertia and pursued 
to the end of the course, is studied "very thoroughly, with considerable 
laboratory work. Chemistry begins with the lower secunda and is 
completet^iA the last year with several more important chapters from 
organic chemistry. Mineralogy is limited mainly to crystallography 
and the knowledge of chemical composition and physical properties 
of the popularly known minerals. ! 


ORGANIZATION AND EQUIPMENT OF HIGHER TECHNICAL SCHOOLS. 

Intrvduction. At the head of the institutions for technical educa- 
tion in Germany are the technical high schools (Hochsphulen), 12 in 
number, which are named from the cities in which they are respectively 
located (see table, p. 26). Many of these institutions were’ originally^ 
•rade or monotechnical schools intended for praotical instruction in 
architecture, engineering, mechanical technology, etc. As industrial 
necessities multiplied and their scientific bearings were more fully 
recognized, the scope of the schools broadened. Higher mathe- 
matics, drawing, designing, and the theory or rationale of the subjects 
claimed consideration. These higher elements gained more and more 
prominence, and eventually chemistry, chemical technology, physics, 
and its applications in electricity, naval architecture, surveying, 
forestiy, etc., were added and the curriculum broadened by the 
inclusion of languages, political economy, etc. At the same time the 
equipment for practical work was lavishly supplied according to the 
requirements of the different technical departments. During the early 
period of this movement Germany was a comparatively poor country, 
but tho rulers realized at that time that industrial and economic 
hipremacy would depend upon the application of scientific knowledge 
to. t^e workshop, the factory, and to industry in general. Under this 
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jde& technical education was developed with a scientific spirit and 
methods of its own. Finally, the governments of the different German 
States authorized the higher schools of this order to grant the degreo 
of doctor in engineering; hence the schools now have equal rank with 
the universities. 

Departments, The technical high schools of Germany all have the 
four departments of architecture, civil engineering, mechanical engi- 
neering, and technical chemistry. At the 'same time they present 
special features; for example, Breslau comprises five departments 
organized in three sections, one of which is devoted to general science; 
Darmstadt and Karlsruhe have each a special department of electro- 
technics, which in (he other schools, excepting only Hannover, is 
included under mechanical engineering; in Hannover this department 
ia connected with the chemical technical department. Berlin has a 
- special independent division for naval architecture and marine engi- 
neering, Brunswick a special department for pharmacy, Karlsruhe 
for forestry, and Munich for agriculture. 

As a rule, the instruction for the first year is chiefly general In char- 
acter; later on specialization takes place according to the branch of 
engineering chosen by the student. 

Government . — The technical high schools are invented with powers 
of self-government which are exercised by the staff of professors, sub- 
ject only to general supervision by the ministry of education and 
ecclesiastical affairs. The organization is similar * to that of the 
academic universities. Tho heat! of the technical school is called 
“chancellor” or “rector.” The departments of study are controlled 
by councils, consisting of the regular professors (ordentliche profes- 
soren), presided over by a dean or president chosen by themselves. 
These deans or presidents generally constitute the university senate. 
The main point to be noted is that tho professors have practically full 
control of the institutions. 

The teaching stail comprises: 

1. Full professors (ordentliche professoren). 

2. Extraordinary professors (ausserordentliche professoren). 

3. Lecturers (dozenten). 

4. Private lecturers (privat dozenten). 

5. Assistants. 

6. Honorary professors. 

7. Instructors. 

The staff is invariably large, and many of the professors are men 
of distinction who have made original contributions to science. Tho 
statutory salaries are small, being usually less than $500 per, 
annum, but the actual emoluments may amount to more than 10 
times this amount, exceeding even $20,000 per annum for men of 
special eminence, 
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Pensions are granted to all definitely engaged professors and 
dooente, the amounts varying, however, in different German States. 

Equipments. The equipments of the several departments are ample 
and generally on r a lavish scale. They include technical libraries, 
laboratories, Vorkshops, and specialized museums. 


THE HIGHER TECHNICAL SCHOOL OF BERLIN 
f At Chartotten6urg. 

j The Technical High School of Berlin (Kfinigliclic Teehnischc Iloch- 

j schule zu Berlin) is situated at Chariot ten burg, a suburb “of that city, 

and is noted for its magnificent buildings and lavish equipments. 

> The institution was founded in 1879 by the union of two existing 

j schools and was raised to its present status by a royal decree of 18S2. 

I As stated in its charter, the purpose of the school is to affonl higher 

I: training for the technical callings in State and public service, as well 

as in industrial enterprises, and to foster the sciences and arts per- 
taining to technical instruction. The school comprises the following 
I departments (abteilungen) : Architecture; civil engineering; mechan- 

ical engineering and electrotechnics; naval architecture and marine 
| engineering; chemistry and metallurgy; general science, especially 

j* mathematics and natural history. .* 

Every department has its technical library and ample provision of 
laboratories, workshops, etc. 

I The annual session extends from October 1 to August. 1, and in 

; addition to the long summer vacation there are two intermissions 

) °* 14 days each, one at Christmas an* the other at Easter. 

student. The student is free to choose his lectures, but he is 
; advised to follow all the studies of the department he selects. Stu- 

dents may be admitted, as in the other technical high schools, who 
have secured the maturity certificate from a German gymnasium, 
realschule, or oberrealschule, also those who have the certificate from 
a Bavarian industrial school, or from the Royal Trade Academy at 
Chemnitz. Germans educated outside of Germany are admitted 
when their preparation entitles them to attend a school of higher 
instruction of equal standing. The minister of education decides as 
to the equivalence of the preparation. A foreign student muSt have 
a certificate showing the completion of a nine-year course of prepara- 
tory education, or its equivalent, which would entitle him to enter a 
university in his own country. He must also show such knowledge 
of the* German language as will enable him to follow the instruction. 
There are no further requirements for the admission of foreign 
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students. Women are admitted under the same conditions as men. 

At the end of the year, or upon leaving tue university, every dludent 
may obtain a certificate of the courses attended, exercises followed) 
and examinations passed. 

Special students. Persons who hn T e not sufficient preparation to 
enter as regular students may be admitted as special students to any 
one i«f the departments. They receive credit, for lectures and labora- 
tory work, but other academic certificates are not conferred upon 
them. The admission of women as special students in all cases 
requires the consent of the minister. 

Decrees. —The school confers the diplomas of engineering and doctor 
of 'engineering (see p. 24). 

Fees .— The entrance fee required of all students is 30 marks 
($7.50). The fee for regular courses is estimated according to the 
number of hours per week for each half year or semester. Lectures 
for regular students, 4 marks; practical work for regular students, 

3 marks; lectures for special students, 5 marks; practical work for 
speeinl students, 4 marks. For practical work in inorganic, organic 
technical chemistry, metallurgical, electrochemistry and photochemi- 
cal laboratories, the chargo is 85 marks per half year. The total 
fees for the whole year would range from 300 to 350 marks (175 to 
$8i.o(M. The fee for the examination for diploma of engineer is 60 
marks ($15) for Germans and 120 marks ($30) for foreigners. The £ 
foe for examination for the diploma of doctor of engineer is 120 marks * 
($30) for Germans and 240 marks ($60) for foreigners. 


DEPARTMENT OF MECHANICAL ENGINEERING. 

The program of the department, of mechanical engineering has been 
selected for close analysis with the view of establishing the distinctive 
.characteristics of the system in operation at the institution. 

It must be noted that the program, as reviewed in this chapter, is 
by no means rigid or obligatory in all' its extent. The students are 
given a liberal measure of free choice in the selection of time in which 
to study a particular subject, and are expressly warned not to over- 
tax their powers by taking a great number of subjects. They are, 
however, required to submit their individual plans of study to the 
deans of their respective departments and to follow their advice in 
the matter. ' , 

The department of mechanical engineering offers five options, as’ 
follows: (A) General machine construction, (B) transportation engi- 
neering, (C) electrical engineering, (D) research and operation of 
machines, and (E) engineering administration. The first two years 
are devoted to the principles of technical science common to all 
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mechanical branches: Specialization begins in the third year, when 
the courses of instruction are arranged in the following combinations- 
(1) A-B; (2) C-D; (3) JE. 

The fourth year shows further differentiation, the options A, B t 
and E being followed separately, and onl^the options C and I) remain- 
ing combined. Finally, the institution offers to all students <>f 
mechanical engineering a great number of optional courses consisting 
of lectures and practical occupations to be followed, during the four 
years as a means, of enlarging the students' special or general 
education. 

Subjects included in the program of the first yec$. 


Hour* per \\ eefc. 

Subjects. t — 

i First i Second 


semester semester 

Introduction to machine oonsfthiclton 


Mechanical technology and iron smelting 

Experimental physics 


Work fa physical laboratory (physical measurements) 

Mechanics 

< 4 

Higher mathematics 

Deecriplfvegeotnetry 

Study of wmmerebu establishment® 

History of mechanotechnies (for A-B- K group only) 

.... ’ft 1 S 

S' s 

1 1 

Total Group A-P-K 

Total Group C-D 

... 4 1 4'* 

4 1 1 .1* 


1 Can be taken In either serareter. 

In the second year the course is' still common to all the options. 


Subjects included in the program of the second year. 


Hours per week 


Subject*. 


F.lamehta of machines 

Mechanical technology (serond part) and theory of materials 

Ttunoody namics 

Exmtees In mechanical laboratory 

Mechanics, II v* r 

Graphical statics*; 

Ltmn«mi»chtoea.4 

W^rjt&g^madilriea (pumps, blasting machines, and compressors -piston an<] 

Prtnriplw of electrotechnilcs ... ....... I l !!!!"*.!.!’!! 

Electrotechnical measurements 

Exercises In electrotechnical laboratory 

Selected topics In chemistry ... . 

Introduction to experimental chemistry 

Ittnoiplee of soolAi, economy - 

Differential equations (group C-D only) 


First | Second 
semester semester. 


12 i « 

ti : « 

2 | 

...! 3 

r, i . . . . t , . 

4 ' 


ren- 



4 

4 
* 4 
2 

4 


2 

4 

2 


Total Group A-B-E 
Total Group C-D. . . 


42 

39 

56 

35 


i For groan A-B-E only. 


* For group C-D only. 


Blvcal; or education 


Pu.l ! E T.l N 1 )’ ' N 
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It will bo noted from the foregoing table that specialisation is 
introduced as early as the second year, in the form of additional study 
in electro technics for students following options C and I'. These 
two options, it may be recalled represent, respectively, electrical 
engineering and research and operation of machines. The specialized 
work for students of the remaining group, A-B-E, occupies eight 
hours of study in the dements of machines during the summer 
semester. 


The specialization becomes still more marked in the third year. 
The following subjects are studied jointly in classes combining sev- 
eral groups of Options: w 

Suhjrct* n f the third year. 


Hours j>or 


Subjects. 


Stoam-ongine construction (Including steam turbines In alt options i 

but K), 

Inicninl-combustion engines and power vehicles (gas engines, i 
gas-engine operat ion, oil engines, motor cars, flying tneeluiicO. . 
IV&ignhig of internal-combustion machines (In group A-U cum- I 

blned with design of working machinery i I 

Steam bollere * i 

Thermodynamics, II, including applications H beat power. . . I 

Exercises in mechanical laboratory, 11 | 

('onstructlon of electrical machines (in abridged scone in notions ( 

A R, and E) . . , ! 

CTWcises in electrotechnical laboratory.. 

Elements of surface and underground A con$t ruction . 

Teclmotogy of heating and ventilation. . . i 

Methods of measurement in heating and ventilation 

Banking and stock exchange operation ‘ 

Political economy 

Studied by A- B group only : , 

I>csign of lilting machines 

Studied by C- H group only: 

Illumination technology . . | 

Definite imegruls 

Selected topics In technical mechanics ; 

Exercises in electrotechnical experimental field j 

Studied In option E only: ■ 

Government !; 

Administration . !. 

Business procedure . . . ... 

Exercises in banking and commerce 


A 

-It. 

c- 

■n. 

E. 

First 

se- 

T ^7 

1 Ofld 


First ^ 
sc- 1 

Sec- 

ond 

mpf- 

"ter. 

s<*- 

| met- 
ier. 

’ SO- 

mes- J 
ter. 

i 

se- 

. in re*. 
! ter. 

. mes- 
| tar. 

j j 

mes- 

ter. 

12 

j 13 

12 

| 4 

12 j 


2 

i 

2 


2 


4 

j 4 


1 4 

4 1 

4 


: o 


6 

* I 

0 

2 

2 

2 

2 

2 I 


6 

! 6 

6 

0 

fl ] 


2 

! 2 

12 

12 

* 2 j 

2 

4 


4 


4 ! 


0 

0 

6 i 

r'« 

0 ! 

ti 

2 

2 

2 

2 

2 1 

2 

1 

a 

i 

1 1 

3 

1 

3 

1 : 

3 

1 


I 

< I ■* 



Total 


nr 50 j 62 ' 60 j 49 I 29 


In the fourth year marked specialization takes place,' particularly 
in options B and E. The time devoted to practical exerpisos is in- 
creased, and in the class lectures minutest details of applied mechanics 
are -treated, 

81797°— 17 2 
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SubjrrU nf the fourth y<nr 


Hours ;**r w.k 


HubJerU. 


STCPtEA COMMON To SEVERAL OPTION XL <,RiHTS 

Machine tools 
Factory management 
Exemses in rxjwruiHMitAl 
W at er-jiower engine* 

Design of w»ter-|«cwer engines combined with re- 
wurrh In a rv^m-h Institute for w liter endue* 
Water power machines t including • vtif nfn^Hl imnuwi 
Exercise* in electrotechnical experiment*) Arid, 
combined with designing of sketches of electrical 
machines » 

Buildings nivv.vsary forindiwrml engineering wmk- 
Buildings necessary for communal engineering work.* 
Technology of heat! n* amt ventilation 
Methods of measurement In honing and ventilation 
Design of heating and ventilating instill lations 
Design of mom difficult lifting machines and of ma- 
chines used In Bt-ate. oommnnal, and industrial 
transportation 

Design of working machines and internal combustion ; 
engines . 

Advanced experimental my in m»s haiuntl l.il*»>niiorv 
Selected chapters from u* fuilonl mechanics 
Statics of building construct ion . 

Applications of electric j*ower and cht trie ntdwavs 
t'ommutator motors for a he mating ourmit 

Commutator motors for direct current • 

Exercises in the Institute of economic* 

Review of construction of railway engine*, carnages 
and mm* hi aery . 

Design of w ater-power engines and steam Miier* 
Selected topics In higher technical mivhamr* 

MTvijtr.n exclusively in option a 

Testing of materials, with An n-is’s 
Technic} no of refrigeration 

• 

aruniEu exclusively in nmi'.N b 

1>ocomotive.«i and self propelling cars 
Railway operation, bmhfing*, and signaling 
Training college work 
('oust ruction of railway cars and brakes 
Iron hr id ge work and complicated engineering om 
struct km 

The iron constructions of the civil engineer 
Essential features of mi Iway-stat Ion design 
Larger depots, safety t, steins, railway operation 

8TUPIRD EXCLUSIVELY IN CROUP C-P. 

Exercises in the elwirot/chnlcdl experimental held 
L.xrg distance electric transmission, including win'- 
kw telegraphy 

Exercises in laboratory for long distance ehvtrtc t ran:** 
mission 

Construction of Instruments and Apparel. - of ineaa- 
uxemtmt and long distance trammfsslutf 

eTtniriD exclusively in option i. i 


First 

Sec- 


ond 

me*- 

w*- 


mfv 


ter 

6 

L 

fi 

A 

2 

i 

4 

1 1 

i 

K 

1 

; V ' 

4 

~K 

4 


A 


2 1 

4 

2 

3 1 

4 i 

.”1 

4 

4 > ^ 

4 


» 

s ! 


2 

2 | 

i i 

2 1 
1 i 

2 ; 

. ... 1 

J j 

1 1 

3 ! 
» 4 | 


4 

2 

4 [ 

4 

.1 

4 


First 

*e- 

me* 


Se»^ 

ond 


5S3 

so- I , 
m***- 1 


ter 


1 met- 
ier. 


’ll 


*wign of machines for elevating and transportation 

History of technical science 

Political economy 

Patent and trade-mark laws 

Building laws 


Total., 


78 | 65 

I * 


2 

46 


1 May be studied In either semester. 


* Optional. 
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The program of detached optional subjects for additional study 
during the four years, with the view of further specialization or of 
enlarging the student's general education, comprises *a list of 85 
subjects. The pot for specialization offers a great variet y of studies 
which make it jxtf&blc for the students to go into the deepest details 
of their chosen HViyich. Those interested in aeroplanes may take 
advantage of a series of courses such as: Aerodvnamifs and me- 
chanics of flying machines; motor airshij>s; Jiving machines; exer- 
cises in const met ion of Hying machines* etc. Those whose predilec- 
tion is to wart! railroad engineering may further specialize in this 
lino by taking a number of optional subjects such as: Railroad 
superstructure; electric interurhan lines; city railway, etc. The 
j full number of optional courses for specialization is 57; of general 
education, 28. 

' Foreign languages are included in the specialization group. Throe 
foreign languages are offered: French, English, and Russian. There 
are language courses for beginners and for advanced studerits. . 

1 he group for general education includes mostly physico-mathe- 
matical subjects, though it contains also subjects like la\\ , political ’ 
economy, history of (ierinan industry, workmen’s accident insurance 
laws, etc. 

i I he examination of the program shows the following characteris- 
tics to ho the most distinctive: 

' f . A great number of subjects, all taught hi/ specialists. — The depai t- 
ment of mechanical engineering offers 164 subjects, including the 
supplementary courses mentioned above. A professor is seldom 
j charged with teaching a large group of subjects; three or four closely 
connected subjects, or rather divisions of one suhjectj are considered 
the limit of one man’s capacity.. This system presents great advan- 
tages, since it leads to the employmeift of experts in every specialty 
J idfored by the engineering science. Many professors of the division 
of mechanical engineering, as well as those of other divisions, actually 
are expert* or inventors who had gained wide recognition prior to 
.their engagement to teach in the institution. Among the prominent 
professors in this department may be mentioned Kammerer, Staven- 
hagen, and Von Parseval, builder of one of the first dirigibles. r C* 

2. A tfreai atnovnt pf time devoted to study.— The average flaily 
time devoted to lectures and practioal occupations is 8 hours, from 
I 8 a. m. to 6 p. m., with 2 hours’ interval taken usually betweoff 12 
and 2 p. m. On Saturdays the institution closes at noon, although 
in the higher courses practical exercises are occasionally arranged 
fpr Saturday afternoon hours. The average weekly number of 
periods is , especially high in the fourth year, when it roaches 70, or 
m oven 80, hours, or about 12 hours a day. The additional time is 
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takon earlv in the morning, from 7 a. m.. or in the evening, until 7 or 
8 p. m. 

The large pro}*oriwn of time dcwied to fyraetieal uxtrk. — Then' is 
a distinct division made in this respect between the first two and 
the last two years. The relation of practical work to the entire 
time of study during the first and the second years is from ds to 
*14 per cent, while in the t hint and fnun.li years it keejw on the level 
of 65 per cent, with only .a drop to 61 per cent in the second semester 
of the* third year. 

The actual proportion of time given to practical occupations is 
the following: i 

i\! t i , } i t" i/ ftrrt-itft. 


I irst ' SoonrO 
♦niRx'w 


J'n rmJ, /*rt 
« 
w : 


First ymr. . 
fieoooJ yatr. 
ThlrtJ ymr . 
Fourth >tjlt 


This relation is further illustrated h\ diagrams I aml'J: 
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s 

2 


VI 


1-st year 


2.-nd year 


3-rdj^ear 


4--th year 

AT 


i-.AiiHAU ; Ourvts »liow tng total Urn# anJ tim« devoted to irwrtxai wort «i 
Cbtukstauiniri' 


Most of tht' practical work is dot it* in tho laboratories of the insti- 
tution, which tiro numerous and exceptionally well equipped. Tho 
school has no arrangement. for employment of students in private 
plants for practice during the school time. Tho practical work is 
arranged intermittently with lectures. ( 

The remaining departments an* developed with equal compleUmasa 
as regards detail and grouping. It will sullice to indicate their scope 
by outlines of the entire course, or that for selected years 


DEPARTMENT OP (\IVJL KNtllNKKRINO. 

First j i<uT - haperimeutal physics, higher mathi'iiiat i< #, doN-riptive geometry ; 
mechanics; elementary geodt^v; geodetic prseticum; exercises in surveying; experi- 
mental chemistry; constructions in wood ami stone; stud) of machines; elements of 
political economy. 

Second yrar. - Definite integrals &ml differentia! equations, mechanics; graphical 
statics; plan drawing; geodetic practician; higher geodesy ; general mineralogy; general 
geology; mechanical techiiuhjgy ; theory ai examination uf materials with practical 
exercises; building construction in wood and stone, construction of roads; machines; 
machine construction and motive powers; theory uf arc hi tin* tonic form; metallurgy 
of iron; general theory of political ^ml social economy; introduction to juntas ?dence 
and political science; commercial enterprise. 

Th\rd year. —Statics of building construction and exercises; stoue and wooden 
bridges; railway construction ; main requirements for railway stations; railway build- 
ings and other construct ions for rolling shirk, etc,; foundations; practical hydraulics; 
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floodgate*, canal construction, and locks; construction of bank* and weirs; iron con- 
•UticUon In connection with civil engineering; reinforced concrete and it* struct arm! 
uses; railway engines (locomotives, carriages, and mechanical anamremants) tWv 
of potential; calculus of variations. 

/WtA jrw.-The constructive works in railways (including tunneling and tho 
nsUbUAment of large railway stetsons); iron bridge and difficult iron constmctiom; * 
movable bridges; sea and harbor works; canalisation, etc., including agricultural 
technology.; water supply of cities; drainage of cities; electric railways, sketch p,* r - 
taining to naval architecture; seminar^* municipal buildings; examination and tott- 
ing of water traffic in Urge cilice; theory of functions. 


DpA&TMKNT QT ABCBITBCTTEE. 
LfeCTOaiUI AND PRACTICAL HX*»df»»S.' 


/W year- Pasmptivo geometry 1 (7 and II); experimental physic# (I md l|> ( 
introduction to experimental chemistry; elementary geodes)'; statics of building 
construction (general); statics of building instruction (theory id strains and stn*»w~ 
tlreory of building construction; ornament drawing; ancient architecture; am -ieut 
art; planar art ami painting in connection with middle age air Id prture; plastic art 
and painting of the early renaissance in Italy; plastic art and ; tain ting of the high 
renaiaaftifre in IUly^scientific principles of architecture and art; ornamental mode), 
ing; modeling; principles of political economy ; exercises in architectural 

sketching in Berlin museum; fetching from middle-age profiles and ornament*! 
parts of ail kimls; figure drawing from rupy; lautlaape drawing #ltd painting fr\ira 
examples and frem nature in every (ochuique, pencil, pen, color; history of imvhan 
ical art* of the Roma tire peoples; exexx-iww in derivative plastic of the Italian 
rexiaisnanre; history of civilisation in tho Italian reiiaiawnco; history of nnvharVa! 
arts of the Germanic peoples; development of museums and museum technique. 

Ftwrih year.— The program of the fourth year comprise* 42 course, 
including, however, the duplication of several subjects, which affords 
the student the advantage of a choice of professors treating the same, 
or presentations from different points of view, The program in- 
ctadee the following topics which in 1913-H were in charge of IS 
different professors: 



£r. 
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Mechanisms (I and II); history of ancient architecture, Egyptian, Oriental, and 
Grecian; history of Homan architecture and medieval church architecture; m ivutiiu 
principles of building and art, practical exercises; history of arc hi Picture, Etruscan, 
Homan, and modern Persian; history' of civilization, Italian renaissance; municipal 
architecture; colored decoration*; designing details of architectural constiuction mid 
interior decoration ; seminar pertaiiung to municipal buildings; foundation construc- 
tion for municipal buildings; elements of railway, road, bridge, hydraulic, and 
machine constructions; landscape sketching and painting fn,m models and from 
nature, with pencil, pen and ink, brush, etc.; principles of ornamentation; designs 
for chUrch furniture, utensils, eP\; designing ornamental details; medieval archi- 
tecture and designs in stone, brick, and wood; Gothic arrhitactur&; designing fijaa|pi 
according to given elements; brick construction in all style*; most important Ifflds 
of public and private constructions and dly buildings; architecture of the renais- 
a^ic^; derigna of buildings according to initruetions; practice in architectural sketch* 
anient aft; modeling and drawing from nature; designing figures according to 
given Instruction*; drawin g from life; baroque and rococo (general history of style, 

1 A im n m osd tor to# yw UU-lt • 

* Tte a*B»n wuasreb In psmiUiiae* Uww u»u tbs coorae P *tv«D la both term# (rf th* y»r. 
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decoration, industrial art); philosophy of architecture; interior derigna, room, wall 
Jawraiiona, etc.; lighting and beating; rural architecture; adaptations of art' hi tec turn 
to landscape. ^ 

cuiaau IN TECHNICAL CHEMIST* Y. 

Tito program of tho fir»t year in technical chemistry, it will be 
noticed, is intended to give tho students training in haaic elements 
of mechanics and chemistry,. an well as in methods of scientific study 
and experiment , such as chemical analyni*, microscopy, spectral 
analysis, crystallography, etc. Tho first year includes also differ- 
ential and integral calculus and analytical and descriptive geometry, 
which constitute a mathematical preparation indispensable for higher 
technical studies in all branohea. As a hugt^art of industrial chain* 
iitry deals with vegetable matter (chemistry of food products, chem- 
istry of fats and oils, chemistry of dyestuffs, etc.), the program of 
the first year includes a course in systematic botany, in mycology, 
anil in morphology and physiology of plants. * 

The second year extends and deepens the training in scientific 
methods and elements of science to which tho first year was primarily 
devoted. It also is designed to impart to students a fundamental 
knowledge of organic chemistry and chemical technology. 

Tlie third year deals with the industrial and agricultural applica- 
tions .of chemical science. The subject is divided, therefore, into 
special branches corresponding to these applications, vix, chemistry 
of food products, photochemistry, elect rochwnistry, ceramics, etc. 
At tho same time the study of general chemistry is continued; organic 
chemistry, chemical technology, and history of chemistry receive 
ample consideration. Exercise in analytical experimentation is con- 
tinued, but with increasing relation to practical purposes. 

The fourth year covers practical occ&pa lions in manufacturing 
processes based on chemical changes. It includes the technology of 
tar dyes, manufacture of oils and fats, carbohydrogen oils, thermo- 
chemistry, technology of sanitation, sugar industry, etc. Practical 
laboratory work has a prominent place in the course. There is also 
such instruction in architecture and mechanical engineering as may 
be useful to & chemist in a responsible position. 

The development is indicated by the outline of the courses in 
technical chemistry for the first and the fourth year, as given below: 

P»rt( year , — Elements of differential &nd~lntegr&l calculus and analytical geometry; 
elements af mechanic*; elements of descriptive geometry; experimental phyrica; 
experimental chemistry (metalloids, metals); crystallography and mineralogy; prac- 
tical work in the inorganic laboratory; mechanical technology; general botany; m*> 
chines with exercises in machine drawing (I and II); special botany; microscopy; 
exercises in the physical laboratory (physical measurements). « 

fourth year , — Technology of coal-tar products and their uses in dyeing, printing, 
etc.; practical work in the technico-chemical laboratory; the spectrum and spectral 
analysis; investigation of sugars; precautions against accidents (Industrial hygiene, 
technical part); phyaico and electro, chemistry with laboratory work; thormnrhw* 
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»tty; physicochemical exercises; examination of vegetable and **ri™ Q i fata oil* 
and wax; examination of mineral oils and other naptha producta; oiganuatio^ 
chemical laboratoriee and plants; principles of construction of use to industrial 
managers 

DIPVOMAS AND DEGREES. 



In accordance with a royal decree issued on the occasion of its 
jubilee celebration (Oct. 11, 1899), the Charlottenburg school is 
authorized to confer the diploma of engineer (Diplom-Ingenieur) and 
that of 'doctor of engineering (Doktor-Ingenieur); subsequently the 
right was extended to all the other German technical high schools. 
The diploma of certificated engineer is conferred in virtue of an exam- 
ination which tests the preparation of the candidatei>y academic and 
scientific studies for independent professional activity in his chosen 
subject. This is inscribed in each case upon the diploma* The can- 
didate for the diploma of doctor of engineering must have secured the 
lower diploma, and must present a thesis on a scientific subject per- 
taining to hi3 specialty. When the thesis has been approved, the 
applicant for the doctor’s degree must submit to an oral examination 
covering the subject matter of his specialty. 


SCHOgL FOR MINING ENGINEERING, FREIBERG, SAXONY. 

The technical high school at Aachen is the only .one that makes 
provision for mining engineering. This branch is the province df 
special schools or academies of which the mining school at Freiberg 
Saxony, founded in 1765, is the most renowned.’ The school com- 
prises three sections, for mining, engineers, for mine surveyors', and 
for engineers in iron works, respectively. Each section offers a four 
years’ course of instruction. The entrance requirements are similar 
to those of the other technical high schools. Candidates must be at 
least 18 years of age, and must offer the maturity certificate of one 
of the nine-year secondary schools of Germany, or givo proof of 
equivalent preparation. Foreigners must not only show certificates 
of equivalent value, but must be sufficiently familiar with the Ger- 
man language to follow the instruction with profit; their papers 
must be officially translated and legalized by the consul, minister, or 
ambassador. Special students include adults who have already had 
a technical or scientific training, or young men who desire to advance 
themselves in some special branch of science.. 

' entrance fee for German students is 12 marks, for foreigneis 

24 marks; in addition 3 marks are required for insurance against 
accident or sickness. The fees for lectures are 6 marks for weekly 
lectures for the whole school year; the weekly fee for practical exer- 
c"k»“ reckoned at the rate charged for a course of weekly lectures, 
i The degrees conferred are mining engineer, mine surveyor, and 
engineer in iron worlrn. The examination fees for the degrees are 60 
marks for German citizens and 100 marks for foreigneis. 
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The courses of instruction are highly specialized and in the section 
for mining engineers include, besides the technical branches, th« 
following: Political and state science, general law, mining law, 

colonial mining law, social insurance, designs for mining and metal* 
lurgic buildings, mine and metallurgic statistics. 

The elaboration of the course of instruction in national and state 
economics is significant. The syllabus includes: 

Fundamental conceptions. Necessities of life. Goods value. Intorcouree. 
Wealth. Economics, National economy. 

Production. Nature, Work and capital as factors in production. Productive 
cooperation. 

Circulation of goods. Commerce, traffic, commercial policy. Money, credit, and 
price. 

Distribution of goods. Income, wages, interest, contracting profits. Ground rent. 
National income. 

Consumption. Manner of consumption. Economical and extravagant luxury 
Equilibrium between production and consumption. Economic institutions. 


Development of national economy. Antiquity and middle ages. Mercantile 
flystem. Physiocratic system. Adam Smith, Free trade and protection. Com- 
munism, socialism, and anarchism. Social reform. 

Financial scienco. State expenditure. Productivity of *%me. State revenue*. 
Private revenues. Keeeand taxes. State economy. State credit and debt. Volun- 
tary and forced loans. Amortization. Oigans of financial ad ministration. 

The course in' mining and metallurgical statistics includes: 

Definition and aims of statistical science, methods of investigation, aids thereto. 
Importance of statistics for economy and practice. Statistics of the mines, metal- 
lurgical, and salt works of the various countries, having special reference to any 
variations, and their causes. Statistics of import*, export, consumption, and prices 
in mining and metallurgical industries. Wagw* and workmen. 


! This school, founded at Dresden in 1828, is intended to afford the 
complete scientific and artistic development required for technical 
professions and for the preparation of teachers for technical scientific 
j branches, including pure mathematics, physics, and chemistry. 

The school is divided into the following departments: Architectu- 
ral engineering, mechanical, chemical, and general. The scholastic 
year begins at Easter, but the student can enter at the commencement 
of either the winter or summer semester.' 

.The requirements for entrance are similar to those of other tech- 
nical schools, i. e., the maturity certificate of a German gymnasium, 
realgymnasium or oberrealschule, the trade academy at Chemnitz, 
or a Bavarian industrial school. The equivalence of a foreign cer- 
tificate to the German maturity certificate is decided by the rector. 
Hearers and visitors are admitted as in other technical schools. 
Women are admitted under the same conditions as men. 

; ; Lectures begiij in October and end in March. Fees for lectures, 
& «xenjises in groups, and seminar exercises are 4 marks for one hour 


Insurance. 
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each we$k per semester; for other exercises 3 marks. Foreigners, in 
addition to the regular fees, pay 50 marks for the winter semester. 
The fees for the diploma examination are as follows: Fifty marks for 
the preliminary examination, 75 marks for the principal examination, 
and 4 marks for business expenses, total 129 marks. For foreigners 
the fees are doubled. 

# Statistic* of the technical high tchooU of Germany. 


Lomtfons. 


Students. 1 


Aachen 

Berlin 

Brunswick ' 

Breslau 

Dansig 

Darmstadt 

Dreaden 

Haunover 

» Karlsruhe 

Munich k . 

Btuttcart V 

Freiberg, Saxony, Mining Academy 


714 

2,417 

200 

208 

821 

900 

1.328 

1.309 

1,006 

720 

004 

422 


Expenditure, 1912-J3. 


Marks. 


811,421 

2,125,864 

278,583 

3,165.246 

680,265 

771,300 

1,671.534 

817,446 

505,232 

028,654 

575,021 

442,500 


United 

States 

currency. 


1 Winter semester 1914-15. 






8103, 118 
605,056 
86,304 
515.32* 
161.003 
183,560 
307,825 
104,552 
120,245 
231.020 
136, S55 
105.315 
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DISTINCTIVE CHARACTERISTICS OP TECHNICAL EDUCATION. 

The general scheme of technical education in France differs from 
that of other European countries as a consequence of the influences 
under which it originated. French savants were the first to foresee 
the significance of science in the realm of art and industry, and the 
early period of the Revolution was marked by the creation of national 
institutions for utilizing the forces and furthering the conquests of 
science. Chief among the institutions created at that time were tKp* 
Museum of Natural History (1793), attached to the Jardin des 
Plantes and intended to serve as a center of demonstration and 
research; the Conservatoire des Arts et Metiers (conservatory of arte 
and crafts), created by a decree of 1794, and intended to foster the 
higher technical training of artisans; and the Ecole Polytechnique, 
also created by decree of 1794, a school of engineering intended to 
prepare artillerists and engineers for the army and navy and technical 
experts for various public services. 

The three institutions named are still flourishing, and while they 
differ greatly in spirit ajid methods they are alike in the emphasis 
they place upon pure science and the unity of the sciences as factors 
in the higher technical education- 

Provision for the lower order of technical education arose from time 
to time as Industrial conditions demanded, and measures were even- 
tually adopted looking to the classification of the various agencies 
engaged in this work. 

The congress on technical education held at Paris in connection 
with the U t versal Exposition of 1889 recognized three orders of 
technical education, primary, secondary, and higher. These, how- 
ever, do not form stages in an ascending series; each order has its 
distinct purposes and agencies. In the higher technical institutions 
the arts and sciencas are pursued with reference to their application 
to technical professions required in the State Bervice, either directly 
or indirectly, through the promotion of great' enterprises. 

PRELIMINARY EDUCATION— GENERAL AND MATHEMATICAL. 

For admission to the higher technical institutions applicants must 
have completed the full course of secondary education comprised in 
the lyc^e program. This course is organized in two cycles: The lower 
cycle covers four years and leads to a certificate which has value for 
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y students entering at once upon business or industrial pursuits. The 

higher cycle, covering three years, completes the full course leading 
\ to the bachelors diploma which is required for admission to the 

universities and higher technical schools. In the lower cycle the 
i studies are arranged in two courses, classical and modem, between 

* which the Btudeirt has choice. The second cycle comprises th^ee 

I years, of which the first two offer four options as follows: I. Latin- 

i Greek; 2. Latin-modern languages; 3. La tin-science; 4. Science- 

modem languages. 

| la the last year thp lyc6e program is divided into two parts, 

! philosophy and mathematics. 

It will be seen that provision has been made in the lyc6es for all 
the orders of secondary education, from, the purely classical to the 
i strictly modem. It does not follow, however, that die pupils who 

contemplate higher technical studies must select the extreme realistic 
course. The classical studies are still so much in vogue in France 
V- that Latin is generally demanded even in preparation for technical 
H careers. Absolutely essential, however, for those intending to enter 
the Ecolo Polytechnique is the “dasse de math&natiques” of tho 
last year of the lyc6o course. 

Courses im mathematics . — The program of mathematics studied in 
this class deserves special attention in view of its relation to higher 
, technical studies. It is universally recognized that higher technical 

education calls for special mathematical preparation. The French 
system goes further than any other toward tho solution of this ques- 
tion. The “classe de mathSmatiques” represents a distinct attempt 
to improve, the mathematical preparation of graduates in view of 
the requirements of higher Judies. 

The mathematics is given eight hours a week and consists of review 
study with special emphasis on the theoretical and philosophical side 
of mathematics. The mathematical subjects that have been studied 
earlier in the lyc6e course are now reviewed with reference to the 
theoretical basis of mathematical science. The tracing thus secured 
| is further systematized and unified by the course of scientific philos- 

ophy pertaining to the classification and hierarchy of science and the 
methods by which it operates. 

’Viewed in the light of its relation to higher mathematical or 
technical Btudies, this course reflects the spirit that places the de- 
velopment of the student's intellect above that of his specific aptness 
in application of formulas to the solution of mathematical problems. 

I The entire course of tho “ class© de math6matique8' , has the obvious 
| aim of developing mathematical habits of mind in the wider sense, 
the ability o< the student to attack successfully new problems, and to 
L pursue intelligently the study of new subjects. * 


g i 





FRANCE. 


CONSERVATOIRE DES ARTS ET METIERS. 



The ministry of commerce, industry . posts, and telegraphs is 
charged with the geueral direction of the Conservatoire des Arts et 
Metiers; its administration is intrusted to a director and council. 
The council is a highly representative body which includes, besides 
the director of the institution, the director of technical eduction in 
the department of commerce, the president of the municipal council 
of Paris, the president of the educational commission of that council, 
the president of the Paris Chamber of Commerce, the president of the 
Society of Civil Engineers, a senator appointed foe four years by the 
President of the Republic, and members selected from various 
learned bodies and public service,*. The membership of this council 
illustrates the comprehensive character that was impressed upon. the 
institution at its foundation and which has been steadily main- 
tained. Committees are also appointed by the minister of commerce 
for the direction of the various departments of the institution. 

Courses and methods of iiuitructwn . — The courses of instruction in 
the conservatory include mathematics, especially geomet ry, the 
sciences related to the industrial arts — mechanics, chemistry, el(^ 
tricity, and physics, together with industrial processes and the appfl 
cation of motive powers. The theoretical instruction is imparted b^ 
eminent specialists in the respective subjects, who demonstrate 
principles and processes by means of the illustrative material com- 
prised iiy the elaborate museums of the institution. 

It was intended from the first that the lecture courses of the con- 
servatory should bear the same relation to the sciences considered 
in their industrial relations as those at Jjie College of France bear 
to the entire realm of knowledge. Tho professors attached to the 
conservatory keep watch of all tho latest industrial changes and ex- 
plain the most recent improvements. The courses of lectures run from 
two to three years according to tho subject dealt with. Tho instruc- 
tion thus imparted is of a scientific and advanced character, but none 
the less practical and adapted to tho various classes of students, who 
represent different occupations, i. e., constructors of bridges ahd road- 
ways who intend to become engineers, foremen or workmen who 
attend in the interests of their employers' heads of factories, and also 
engineers. The subjects are presented with clearness and lucidity, 
and the hearers profit according to their needs and attainments. 

As the lectures are maintained for persons engaged in business or 
industrial pursuits during tho day, they are given in Evenings from 
November till April. The lecture courses in technical subjects are 
held twice a week; those fin commercial law, industrial and com- 
mercial geography, and social economy and hygiene are held only 
oace a week. All the lectures are free to the public. 
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The students supplement the lectures bv exercises and manipu- 
lations carried on at the institution by visits of observation .to fac- 
tories and workshops., and by practical work. All students are 
expected to execute plans, accompanied by explanatory memoranda, 
of the following objects: Metallic bridges, steam engines, civil con- 
structions, and machine tools for the second year; manufacture of 
ohemical products, workshops for machine/*, onstnict ion, locomotives, 
blowing machines, hydraulic establishments, etc.,' for the third year. 
The idea governing the instruction is that industrial science is a 
unit,*and every industrial worker must know it, in its entirety. 
Hence each student follows the same course until the end of the sec- 
ond year, when specialization is allowed in the following branches, 
according to the chosen career, i. o., machinists, constructors, metal- 
lurgical miners, and chemists. 

Extensions of the curricula. — Great attention is paid to subjects 
that promote the interest of artisans in the history of their respective 
arts, and more particularly their interest in the relations between 
the industrial arts and the general social welfare. A chair of the 
history of industry” is maintained at the charge of the city* of 
Paris, which makes an annual appropriation for its support “The 
chair of insurance and social providence” was established by mutual 
agreement of the State and the Paris (liamber of C’onmieroe, each 
contributing SI, 000 a yean- toward its maintenance. 

The equipment of the conservatory comprises eight important 
* laboratories, which serve for original research on tho pact, df the pro- 
/ fessocs, as well as for practical exercises by the str. Units. The labo- 
ratories are also centers of experiment and research carried on by 
scientific men and industrial experts. 

Certif cates . — At the end of the year certificates are conferred, tho 
standing of candidates being ascertained by estimating the marks 
given for tho drawings and designs executed and work done in the 
professor’s laboratory. At least a total of 14 marks on a scale of 20 
is required for the oertificate. 

Candidates for the annual certificates relating to the full period 
of at least two oourses which are complementary and have the same 
industrial or professional aim in view may' obtain the diploma of 
studies of the conservatory by passing another general examination. 

In 1912-13 the courses* were attended by 2,127 persons. Of this 
number 237 asked permission to take tho examination. Some of 
them already held as many as five certificates. * 

Financial support . — Complaint has recently been made ftf’jFrench 
leaders that the conservatory has not been adequately supplied with 
funds or equipment to meet the rapidly increasing scope and com- 
plexity of modern industry. It occupies, however, a unique place 
in the group of institutions which have mado Paris a notable center 
of technical education. 
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ECOLE CENTRALE DES ARTS ET MANUFACTURES, PARIS. 

The Central School of Arts and Manufactures is intended to train 
engineers for all brnnches of industry and for public woC^s.and serv- 
ices which are not necessarily under State control. 

Admission requirements . — Admission to the school is by * v a ruina- 
tion, which is held annually in Paris during the first 15 days » r Juno. 
The fee for examination is 60 francs ($12) which is required of every 
applicant. Candidates must be 17 years of age on the first of Janu- 
ary of the your of examination. Foreigners are admitted under the 
same conditions as Frenchmen. No diploma is required. The exam- 
ination is both written and oral, and includes the following subjects 
the ratings for which are given: - 


^ Hnffoi enwu'naftnrt. 


Oral fjrami nation. 


Mathematics and mechanics 

Composition in French or other lan- 
guage 

Descriptive geometry 

Trigonometry and numerical ealcu* 

lus 

Physics 

Chemistry 


5 j Analytical and mechanical geometry. 5- 

: Arithmetic, algebra and analysis, 

4 j trigonometry 5 

3 ! Elementary and descriptive geom- 

> etry 5 

3 j Physics r » 

■j Chemistry 5 


Architectural drawing *1 

Machine. drawing 2 

Machine sketching 2 i 

Candidates having the bachelor’s diploma or the certificate showing 
completion of tho first part of the baccalaureate examination, receive 
15 marks to their credit in the ratings. 

Candidates who request the privilege are admitted to an oral exam- 
ination! in one or two languages, namely, English, German, Spanish, 
Russian, French. The language used in tho examination itself must 
be different from that for which the special examination is requested. 
Those w f ho obtain a rating above 10 receive for one language from 2 
to 25 marks in addition to those granted for the general examination; 
for a second language, 1 to 15 marks. 

The written examination includes a thesis which is marked in 
respect to orthography, language, and style. The thesis may bo 
written in French or any official language. 

Candidates should be afccustomed to machine and architectural 
drawring and aquatint, and they are advised when preparing for the 
examination to give special attention to rapidity of execution, exact- 
ness of outline, and delicacy in touch. 

At the tirhe of the exarhination the candidate mu9t present col- 
lections of drafts, machine and architectural drawings, and free-hand 
sketches. 

Examinations and diplomas . — The school is limited to day stu- 
dents, 4 and exercises no supervision of them outside of school hours. 
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Periodical examinations aiv held to determine the progress of sfu 
dents, and those who do not profit by the instruction are eliminated. 

The marks obtained at the ordinary examinations as well as those 
for designs, vacation work, and final competitive examination serve 
to make up the student’s graduating standing. The final examina- 
tion consists in the execution*of a general plan and tho composition 
of a memorandum to support it. Thirty days are allowed for com- 
posing the plan, and the student must l>e present personally and dis- 
cuss his work before the examining Jury. 

1 he diploma of engineer of arts and manufactures is given to those 
who obtain a total average of 14 credits on a scale of 20. Students 
*ho h*il, but who show sufficient, knowledge, rweivo a certificate of 
capacity (the average required being l.*( credits). Such students 
may try a second time for a diploma within the five following years. 
The diploma fee is 100 francs ($20): if a student fails to pass, half the 
fee is returned to him. 

Expenses .—' The course of instruction covers three years. Tuition 
few, including cost of experiments, are 000 francs ($180) for the 
first \enr and 1,000 francs ($200) for each of the two following years. 
The cost of supplies and drawing material must bubonic by the 
students. I ho minimum cost of tuition and maintenance is esti- 
mated at 3,000 francs ($t><HM a year, 

ECOLK POLYTECHNIOUE. 

The Erole I oly technique pertains to tin* ministry of war and may 
fit* regarded as the center of a system of schools preparing for the 
Government service, lhe course of instruction in*the school covers 
two yours, but the students almost without, exception are intending 
to complete their specialized training in some one of the related 
schools of application. Several services of tho State, viz, those 
requiring mining engineers, hydrographic, engineers, directors of 
powder plants, etc., are open only to graduates from the Ecolo 
Polytecluiique. 

Adjriission requirements, - -('aiuJidates for admission to the Ecole 
Pol.Vt eebnique must be native or naturalized Frenchmen and must 
bo at least IS years of age and not above 21 years on the 1st of 
January preceding tho examination* This examination is severe 
and competitive, tho purpose being to limit admission to students 
of exceptional promise. Only those who have secured the diploma 
of bachelor are eligible for the examination. Students who have 
successfully completed any division of the lyc6e course may be 
admitted to the examination, hut thoso who have studied Latin are 
accorded an advantage of 1^5 po*nts iu estimating the examination, 
and the same advantage is also accorded to bachelors whose cliplomas 
carry mention of philosophy. The stress of (he admission ex&mi- 
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nation is placed upon mathematics, which in both the oral and 
written parts is accordtd more than half th,e whole number of pas- 
sible points. The severity of this test precludes its passage by stu- 
dents who have not passed through the special class of mathematics 
in the lyo£e or received equivalent instruction elsewhere. From the 
relation of the school to the State service it follows that foreigners 
, are only admitted by special arrangements. 

Candidates for admission to the entrance examination for the 
r,cole Polyteohniquc are not necessarily graduates from the lyc6o, 
Itut may have received their preparation elsewhere, as is the case with 
candidates for other competitive examinations. Since, however 
their sc >po and standards arc determined by the lve^o program, those 
prepared elsewhere are at a great disadvantage. 

I rogram. I he program of studio for the poly technique consists 
almost, entirely of mathematics and applied science, as indicated by 
the following conspectus: 

Calculus.— differential and integral -two yearn 

Pcscriptit* geometry — Hiffemit method* in r the rvprv*»M*tinn of Mice, a study 
<>f the principal geometrical su rftww, tin* comumeuun of model* one your. 
N/my>tomy.---V&rpO!UJT and *Uuioruitiu.g- -one year 

Mechanics and machinery Thoorotirai Mudy <Mvrnpl.-o*i by the euiwtrurtion of 
tu^Ieln, thediwigning of new juachinee, etc two yean* 
l*hysics.- ThemitHlynainic#*, electricity, and magnetism - two ycant wmirttim and 
optics- om* year, laboratory prwtitx* - two year* 
t 'hsmistry.-- Orynuue and imvgauir, aceomjiaiiitMi by experiment*, two yv mn. 

A ttronomy and geodesy - IVju tica! work one ) car. 

Architecture. Theory and the /Ira wing of design* and plans one \ ear 
Military art, — Two years. , 

History, geography, end It fmiMnr. The military, political, and moral hi*U»ry of the 
pnnei|N>! nations of Europe during modern and cnntemp.ntnootiH :irmw, comjKwi- 
tiomt on historical topics- two yean*. 

OVnmiri language, draining /ram vUjctts, coloring Two \cara. 

Engl'sh language.- Mptionul. 

/ ro r lu; nl t's tT cis ts , “I wib o rut or v and workshop practice, the de- 
signing and construction of modeLs, are required whenever possible. 
The instruction in drawing and designing is very elaborate and the 
work executed by the students is subjected to rigid examination. 
In addition to the selmolinstruetion, students are also taken on visits 
of observation to the observatory and to manufacturing estabbsh- 
monts in and around Fans, The regime of the school is military. 
All the students are exercised in military tactics, m horseback riding, 
fencing, and general gymnastics, The military training and conduct 
while at the school, however, is less severe than that at the special 
military schools. 

F*t€S Gtui scholarships . — Tlio students board at the school and wear 
a uniform. The cost to the students is about 1200 (1,000 francs) 

for tuition and board per year. The outfit and incidentals cost 
81797° — 17 3 
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etch year foirn $140 to $180 more <700 to 750 franca). The Govern* 
jmettt, however, makes liberal provision of scholarships available for 
studefits of groat promise who otherwise might not bo able to bear 
the expense of the training. These scholarships aro of four grades 
as follows: (1) Full scholarships; (2) half Scholarships; (3) scholar- 
ships carrying relief frOm outfit and incidental expenses; (4) 
scholarships carrying half relief from outfit and incidental expense. 

Services. — As already stated, the polytochnique does not prepare 
directly for the Government service, but for certain schools of appli- 
cation, each giving instruction preparatory to some special service. 
The choice of the service to bo entered upon is not made by the stu- 
dents until their graduation* from the poly technique, and is deter- 
mined finally according to respective ranks at graduation. As a 
rule, all the graduates aro sure of admission to {ho Government 
service. 

The several sendees open to the giaduatcs of the iVole I'olytooh- 
nique are as follows : 

1. Land artillery, cvlotnal artillery t or engineering cor; ax, in which 
they are accepted as “sublieutenant students of artillery,” or of 
engineering, and are iinnunjiately placed in either the artillery 
school at Fontainebleau or the military engineering school at Ver- 
sailles. Both these schools have a one-year specialized com sc in 
their respective subjects. The Versailles school also gives supple- 
mentary military and horsemanship training, 

2. Mines; bridges and roads; or naval engineeri ng.—Ou entering 
either '"of these services the polytechnic graduates assume the title 
of student engineers of mines, of bridges and roads, or of naval 
constructions, and pass, in thi& capacity, through a specialized course 
in one of the three schools of application maintained for this pur- 
pose. The course in the school of mines covers three years in the 
school of bridges and roads, at*o three years; in the school of naval 
engineering, two years. After the completion of this course the stu- 
dents acquire the degrees of ordinary engineers of bridges and roads, 
or of mines, or subengineers of naval constructions. Those in the 
last category have to servo a practice term on the schoohhip Jeanne 
iPArt. 

3. Navy . — On entering the naval service directly from the fccole 
Polytochnique the students receive the title of ship ensigns of tho 
second class and are sent on board Jeanne d’Arc, where they com- 
plete their practice together with graduates ("aspirants”) of tho 
school of naval engineering. 

4. Manyfaeturing establishments conducted by the State. — Ip this 
iisririce the graduates' of the Ecole Polytechnique are placed directly 
fat' the tobacco plants or match factories with the degree of student 
engineers. 
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5, The comn\wmriai of the navy accepts the graduates as com- 
missaries of the third class; ia order to become cooiniiasariee of the 
seomd class they must pass through a two-year course in the school 
of commissariat. 

6. Ths service of powders and saltpeter* and Ae kydrofrapkic service 
are open to graduates of the poly technique, admitting them at fixat 
for practice and later giving them permanent posihoue; for telegraph 
Heroics a higher course of training in postal and telegraph subjects 
u provided. 

Finally, grmluafcw acjirui* to anUsr other civil acrvictw than Uto 
above enumerated have the advantage of the reputation attached 
to tho institution. 

Although St. Cyr, the groat military scIhkJ of France, is in no sense 
rut adjunct of the Redo Polytechnique, many of the most distin- 
guishes officers of the Frond i service have resorted to it for their 
mathematical training before entering the mil] tar v school. 

fraternal societies. An interesting and traditional characteristic 
o^tho Ecole Polytechnique ia the solidarity maintained amohg the 
graduates. This is manifested not only as a sentiment, hut by the 
practical assistance and protection offered the younger or >e*w for- 
tunate graduates by those holding influential positions. For this 
purpose* a fraternal society of graduates of the school is maintained, 
which assists members who meet with revenues, aids their destitute 
widows, and provides education for their children. 

Modem methods of demonstration . — The higher technical schools of 
France have developed a sjBtom of demonstration by means of wall 
tables, charts, and luminous projections, that is in many respects the 
mpst advanced in tho world. Tho Redo de« Pont* et Chgun&w 
possesses a unique collection of constructions] plaits, dreigna, otef, 
used to illustrate the instruction in the Bchool; this collection is the 
joint work of professors of the various subjects and an eminent 
specialist, M. Coquillard, who has devoted to this task Ids exclusive 
activity for a long pe md of time. 

For the. last 20 ye. rs this school has also made extensive use of 
stereopticon projbetions, and has a rich collection of slides, especially 
those pertaihing to reinforced concrete constructions. The use of 
cinematograph with specially prepared films of scientific subjects also 
received early recognition in this institution. 1 
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foremen of worfcs; but 1 they" here developed beyond this stage, and 
it k claimed that they should be' transferred to the doss of higher 
teohnical schools, Admission to these fostitutions is determined by a 
competitive examination for which only those applicants ore eligible 
who already possess the certificate showing the completion bf ttys 
first cycle of the iycde course or its equivalent. 

The three schools are noted for their elaborate equipment! the great 
competency of their teachers and directors, all of whom are selected 
by competitive examination, and the very rigorous character of the 
training throughout the* three years 1 course. Graduates receive a 
special diploma, the brevet d’ipg&iieur des dcoles nationals d’arts et 
m4tiers, which was created by a decree of 1907. Although these 
institutions do not give the same high degree of mathematical training* 
as the Eoole Centr&le, the technical training uTrfeg&rded as superior. 

RECENT MOVEMENTS. 

The higher technical schools of France have provided the State with 
trained experts for the puhlib service, but on account of their special- 
ised character and their location with few exceptions at Paris, they 
have not exercised a powerful influence in the industrial development 
of the country. Complaint is also made that in their isolation from 
the univeraitk the technical schools lose the stimulating effects of 
scientific researches, for which only the universities have adequate 
equipment. A movement for correcting these defects was begun soon 
after the transformation of the former isolated faculties into organic 
universities in accordance with the law of July 10, 1896. 

An important result of the new university regime was the multi- 
plication of chairs for scientific studies and the equipment of labora- 
tories and institutes in the provincial universities. At the University 
of Marseille a chair of industrial physics was established and another 
of industrial chemistry; at the University of Bordeaux a laboratory 
of chemistry instituted for the promotion of the resin industry; at 
Lyon -chairs in chemistry equipped with laboratories for research in 
regard to local industries and agriculture. . These are notable illus- 
trations of a movement which spread to every university center of 
France, giving new direction to scientific research. 

Through this extension of university activities, extreme specializa- 
tion in the province of higher technical education in France has given 
place to the principle of coordination and philosophic unity. For the 
purpose of increasing this provision, a bill was introduced into the 
Senate during the present year, providing for the creation of separate 
faculties of 'applied science in aflthe universities. The motive for 
the bill was expressed in aministerial circular which defined the new 
purposes which the universities must fulfill as follows: 

They muetinaure the venatoence of; the, nationa l economic activity by means of 
the adancea, and take the direction of the vaet movement lor the revival of the chem- 
lind |*yticriindne^ 
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It is interesting to note in this connection that the author of the 
bill, Dr. Goy, criticiaed^eyc^Iy t^he .system of competitive examina- 
tion by which admission is secured to the higher technical schools of 
France at the present time. For this system he recommended that 
candidates for admission to the proposed faculties of applied science 
should be required simply to present the bachelor's diploma and also 
one of the other special diplomas conferred by the university faculties 
of pure science. Pe said: 

In this way a student body would be formed having a high degree of scientific 
culture, in full sympathy with modern progress, and pomeased of the force and energy 
necessary for directing industrial enterprises. 

In addition to the institutions enumerated above should be men- 
tioned engineering schools attached to universities. In most instances 
these form part of the faculties of science of the respective univer- 
sities; the professors of the branches of science common to both the 
scientific and technical departments lecture in both. The technical 
students are matriculated as students of the faculty of science. The 
methods^ and contents of the technical instruction, however, are 
identical with those of independent technical schools. The degree 
conferred is that of engineer of the respective branches. 

The following universities have engineering departments: 

University of Grenoble , whose technical department is called Institut 
Polytechnique and is subdivided into several sections. 

University of Toulouse has an electrical engineering school attached 
under the name of Institut Electrotechnique. 

University qf Marseille: Ecole d’Electriciti Industrielle de Marseille 
and Ecole d'Ing6nieurs de Marseille. 

University of Nancy: Institut Electrotechnique et de Mechanique 
Appliqu6e de Nancy. 

University <f LiUe ; Institut Electrotechnique de Lille, and Ecole 
de H&utes Etudes Indus trieUes ec Commerciaiee. 

University qf Lyon: Ecole Fran^aise de T&nncrie, and Ecole de 
Chimie Industrielle de Lyon. 
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StcUtitice of higher technical tchoole of France , 1915. 
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GREAT BRITAUf. 



INTRODUCTION* 

The movement for technical education in Great Britain received 
its first impulse from the industrial changes that marked the opening 
of the eighteenth century, the result in great measure of the inven- 
tions of Watt and Whitney.. In 1795 John Anderson, professor of 
natural philosophy in' the .University of Glasgow, bequeathed his 
estate to found Anderson University. The purpose intended was 
not immediately realized, but in 1800 Dr. George Birkbeck, professor 
of natural philosophy and chemistiy in the new institution, started 
a system of popular lectures for mechanics. The lectures led to 
the formation of mechanics’ institutes that have served as nuclei 
for technical institutions in severat great centers of the Kingdom. * 
TJhe spread of this ide* in Great Britain was much slower than 
the same movement in continental countries, and on account of 
the local independence in respect to the control of education, and 
the large part which is left to private enterprise and initiative, 
attention w&s first directed to provision for the special training of 
artisans and the establishment of teclmical schools relating to local 
industries. The present century, however, has been marked by 
great progress in the development of higher technical institutions 
end in the establishment of relations between them and the existing 
agencies for scientific research. At the present time the importance 
of this relation overshadows all other problems of higher education 
in the Kingdom. During the past year parliamentary provision 
was made for the formation of an advisory council in the board of 
education, charged with the interests of industrial and" scientific 
research. In presenting the project to Parliament the president of 
the board explained the general attitude on this question, as follows: 

We must endeavor to secure that industry is cloeely associated with our scientific 
workers and promote a proper system of encouragement of research workers, espe- 
cially in our univerBitiee. The fault in the past, no doubt, has been partly due to 
the remissnees on the part of the Government in failing to create careers for scientific 
men. It has also, I think, been due partly to the universities, which have not real- 
i*ed how important it is that pure science ought to be utilised with applied sc ience 
and brought into close contact with manufacturing interests. I think it was also 
partly due to the fact that the manufacturers themselves undervalued the importance 
of science in Connection with their particular industries. It was partly due, too, to 
fact that the ratepayers have been too niggardly in making provision in connection 
with their technical institutions and colleges, 1 

White the original efforts fat the promotion of technical education 
were similar ini the two divisions of the Kingdom, the development 

Debates^ Vol. LXXl, Noi 5$, ‘ ~ r - 


fSsi ,, *-'*&> >> r, . jf*>3 

i , ^-'1 J 'fr#! ■ V : , \ piry . : -IV',.- 




GREAT BRITAIN. 


8 $ ^ 




of the work has been determined in, each by different industrial 
and institutional conditions! and they should therefore be separately 
considered. 

AGENCIES FOR HIGHER TECHNICAL EDUCATION IN ENGLAND. 

In England provision for the higher ordere of technical education 
has been made in the ancient universities and in technical schools 
or colleges that have developed up to the university standard. In 
the older universities the technical side is an outcome of provision 
.for scientific research. The University of Cambridge was specially 
equipped in this respect by the establishment of the Cavendish 
laboratory of experimental physics, which was erected in 1872-1874 
at an original cost of about 850,000. A few years after, the chemical 
laboratory of Cambridge was erected, at an original cost of 8155,000. 
The resources of the two laboratories have been greatly extended, 
the latest additions having been supplied as recently as 1907. 

The Cambridge laboratories were provided in the interests of 
medical science, and they were followed at the opening of the present 
— \ century by the erection of new buildings for the medical school and 
\he acceptance on the part of the university of a Government grant 
for the medical department. The provision for scientific research at 
this university was completed in 1894 by the erection of an engineer- 
ing laboratory. This plant was started hy an initial fund of 825,000, 
raised by public subscription and subsequently increased by private 
donations. Adjoining the laboratory are mechanical workshops with 
equipment for woodwork and iron work, tho making of instruments, 
machinery, etc. Thus Cambridge, which had enjoyed great ’ 'stige 
as a center of mathematical instruction, was fully committed a> the 
idea of including technical education within the university province. 

The increasing recognition of tho importance of technical educa- 
tion and its relation to scientific research was emphasized in 1912 by 
the acceptance on the part of Oxford University of a Government 
grant for tho maintenance of tho professorship of engineering science. 
By these measures tho two oldest universities were linked up with 
the scheme of Government support for scientific and technical edu- 
cation. 

The establishment of university colleges in tho great centers of 
industry and population, and their gradual elevation to the univer- 
sity plane is the most notable event in the history of higher education 
in England during the last half century. These institutions were 
intended to meet local demands, and they all make provision for the 
various branches of engineering, technology, and agriculture, with 
the purpose pf supplying experts for the conduct of industrial enter- 
prises. The importance of this provision was signally recognized by 
a parliamentary grant in their interests, first allowed in 1889, and 
annually renewed down to the present time. 
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As A result of these successive efforts an elaborate system of 
technical education has developed in England which has culminated 
in technical faculties established at the universities, the Imperial 
College of Science and Technology at South Kensington, and pro- 
vincial colleges and municipal technical institutes affiliated with^tho 
modem universit't**. The last two groups of institutions have main- 
tained dose relations with the general scheme of technical and indus- 
trial education in their respective communities, so that they exercise 

a powerful directive influence over the entire work. 

x 

TECHNICAL DEPARTMENTS OF THE ENGLISH UNIVERSITIES. 

The universities which have made provision for technical eduen- 
’ tion are maintained in part by a Government grant and are conse- 
quently required to make an annual report to the board of education. 
For 1913-14 the total number of their students in all departments was 
7,344. Of this number, England. claimed 6,551, of whom 23 per cent 
were in the engineering departments. The remaining 793 students 
were in the Welsh institutions, and of these nearly 10 per cent were in 
the engineering departments. The appropriations by Parliament for 
these institutions amounted in the same year to £174,000 ($845,640), 
of which 85.6 per cent went to those of England. It is impossible to 
indicate what proportion of the fund is expended directly for engD 
neering purposes, but in general it may ho said that the entire amount ’ 
is applied to modem education! The following table presen t& salient 
particulars respecting the technical departments hero considered: 

Student* in technical tlepartments of universities. 


Institutions. 


_ __ University 

I! 'total University. Merchant Venturers' Tech. 

nlcal CoUete 

Durham University, Armstrong College 

Leeds University 

Liverpool University 

Manometer University 

Manchester Municipal School of Technol 

SBbffleid University 

London Utdvenrfty: 

University College 



East London College 

Nottingham University College. . 
Southampton University College. 

^Totcl, England 

. ’ t ■ WALM. 

Bancor University Cot lege 

0lfJdUaive?4^Cdlege 

Total, Wales 



Students In the technical departments. 

Total 







— 

stu- 
dents 
in all 

Students taking under- 
graduate courses. 

Taking 

post- 

gradu- 

ate 

(.courses. 


depart 

ments. 




Total 

Degree. 

Diplo- 

ma. 

Other 

courses- 

867 

152 

12 

13 

8 

185 

09 

543 

55 

14 



69 

189 

31 

5 

1 

170 

663 

48 

40 

66 

4 

148 

861 

60 

51 | 

3 

8 

123 

1.014 

61 

11 

5 

- 3 

70 

285 

114 

141 

13 

17 

385 

349 

41 | 

40 

36 

1 

118 

841 

75 

51 

« 17 

! 

144 

464 

58 

43 

) 

6 

107 

305 

19 

] 

18 

1 

39 

263* 

11 

39 


j 

41 

12 ; 

6 

12 


j 

19 

1 - 



. 6. 551 

829 

476 

167 

53 

1.633 

396 



6 


6 

497 

31 

. 61 



■ 72 




■ < 19S' 

31 

M 

4 


> n 


Per- 
cent- 
age of 
tech* 
ideal 
stu- 
dents. 


21.00 

100.00 
32 II 
22 '12 
14 10 
6.90 
100.00 
33. 81 

17.12 

23.00 

19.00 
15.58 
14.96 


23.25 


3.00 

14.48 


9.S4 
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In addition to the universities .comprised in the above table, the 
department of engineering science of Oxford University, which 
receives a small annual grant (£350 in 1913-14) registered 21 stu- 
dents* The students of the engineering department of Cambridge 
University are not separately given. 

THE IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, LONDON* 

The Imperii! College of Science and Technology received its 
charter in July, 1907. As stated in the charter, it was intended “to 
give the highest specialized instruction and to provide the fullest 
equipment for the most advanced training and research in various 
branches of science, especially in its application to industry*” For 
the tfccomplishment of these purposes three existing colleges were 
federated, namely, the Royal College of Science, the Royal School of 
Mines, and tile City and Guilds (Engineering) College. * 

The Royal College of Science and Royal School of Mines wei« for- 
merly Government colleges, but when the federation took place they 
were handed over to the governing body of the Imperial College of 
Science and Technology which consists of 40 members; .the present 
chairman is the Most Hon. the Marquis of Crewe, K. G., and the 
rector is Sir Alfred Keogh, K. C. B., LL. D. Sir Alfred Keogh stands 
in a similar position to the federation as the vice chancellor to a uni- 
versity; his work is mainly coordinating and organizing. 

Until 1907 the City and Guilds (Engineering) College was entirely 
independent, was knowp by the name of the “Central Technical Col- 
lege,” and belonged to the City and^ Guilds of London Institute; by 
whom its affairs were managed. The City and Guilds (Engineering) 
College still belongs to the institute, which, instead of rrnmaging / 
through a committee of its own, has delegated its powers to what i& / 
known as the delegacy of the City and Guilds (Engineering) CoUega^^ 
This delegacy, which" was appointed at the time of the federation, 
consists of eight representatives of the City and Guilds College, eight 
from the governing body of the Imperial College of Science and Tech- 
nology, and three representatives from the Goldsmiths' Co. All the 
affairs of the college are managed by this delegacy, to whom the 
entire staff (teaching and otherwise) are responsible. The chairman 
of the delegacy is Sir John Wolfe Barry, K. C. B., F. R. S., and the 
dean of the City and Guilds College is Prof. W* E. Dolby, F. R,. S. : 

When the federation was brought into existence, the needs of the 
engineering college were especially considered, and an extension has 
been built which has practically doubled its capacity. This exten- 
sion was erected by funds generously provided by the Goldsmiths* Go . 1 

Entrance requirements . — The entrance requirements of the separate 
colleges are determined according to their individual Bcope and the 
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interests or purposes of bandidatee for admission. They are all, how- 
ever, marked by the same liberal spirit. In general, the colleges" 
receive young men, not under 1<T years' of age, who have had a good 
secondary education, and excuse them from the first, second, or third 
- year course according to the standard which they have attained v^hep 
they present themselves. The decision in this respect is made by 
the professors particularly concerned. 

The conditions for the admission of research students are as follows: 
A candidate doairouu of undertaking original research must have completed an 
associateship course in one of the departments of the Imperial College, viz, the Koval 
College of Science, the Royal School of Mines, or the City and Guilds (Engineering 
- College, or an Equivalent course of study elsewhere, and must eatUfr’the rector and 
professors as to his qualifications for extended study. The^subject of research will 
require the approval of the professor of tho department in which it is to t^o carried out 

The absence of uniform, rigid entrance requirements accords with 
the conduct of studies within the federated colleges. Tho purpose 
has been to keep them free from academic traditions and the restric- 
tions of fixed syllabi. The general system of classification makes 
adequate provision for students of different degrees of advancement 
and having different ends in view. 

The charter of the Imperial College provided for the coordination 
of its work with that of the University of Ixmdon, and in 1008 the 
college was admitted as a school of the university in the faculties of 
science and engineering. The ultimate relation of the two great 
, institutions became, therefore, a matter of considerat ion on the part 
of the royal commission on university education in Ixmdon, ap- 
pointed irf 1010. The opinion was ftrongly expressed by the com- 
mission that, by closer relations with the University of Ijondon, the 
standard of admission to the Imperial College would he raised and 
thus the college would make a substant ial gain. In response to this 
suggestion it was explained that a movement had already begun 
on the part of committees of the governing body of the Imperial Col- 
lege to effect this change. It had even been proposed that the first 
two years’ courses in the college of mining ahd the college of science 
should be abandoned. Advanced standards have « already been 
secured in the case of the engineering college, to which students are 
now admitted by competitive examination. This does not preclude 
varied degrees of previous attainment, but it insures tho choice of 
the most promising in each parti cular line of study, a measure neces- 
sitated by the excess of applicants for admission. 

. Fee*.— A fee of £1 ($5) is required of all candidates for admission 
to associateship courses and must be forwarded with the form of 
application. The fees for full-time associateship courses, payable, in 
advance, are as follows: 9 

Imperial College, Royal College of Science, £36 10e. per session. 

Imperial Collage, Royal School of Mines, £45 10s. per session. 

' Imperial Collegr, City and Guilds (Engineering) College, £38 10s. per session. 
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The fees for research work and special advanced study vary accord- 
ing to the nature of the course selected. Examinations are held at 
tho end of each course of insertion and at such other periods as 
may be deemed necessary. 

Diplomat *— The following diplomas are awarded to students who 

# factorilv complete the appropriate organized course of study 
pass tho necessary examinations: 

hf Diploma of Membership of the Imperial Pol lege of Srienoe and Technology 

{b) The Diploma of Associateship of the Royal College of Science (A. K, C. S.). 

(c) Tho Diploma of Aabociateahip of tho Royal School of Mines (A. R. S. M.). 

(fD Tho Diploma of Associaleshtp of the Citv and Guilds of London Institute 

- (A. <\ G. I.). 

( \mrses of instruction .— The courses of instruction fall muinly under 
tho following heads; « 

(l) Diploma (ouiww. Organised oouroea of instruction oxMAoling over three or 
four years 'leading to the diploma* of aaaociateship of the Royal ( ollego of Science, 
the Royal School of Mines, and the t'ity and Guilds of London Institute. 

(2) Special or Partial Courses. Short courses of lectures, with or without labont- 
t<iry work, of an advanced character dealiug with special branches of pure and applied 
science suitable for those who have graduated or are already engaged in some scientific 
industrial occupation. 

l*D Advanced Specialised (ounww. Research work and specially arranged courses 
of study in adv&nt'ed science or technology extending over one or more complete 
years leading to the diploma of the Imperial (ollego. 


I* 


The scope of enrh one of the federated colleges is outlined in the 
calendar as follows: 

Royal f ollege of Science affoAis complete courses of training, extending over three 
years, in mathematics, mechanics, physics, chemistry, botany (including the first 
portions of tho Imperial ('ollego diploma ooureeiKin plant pin urology and pathology, 
and the technology of woods and tibeie), zoology/and geology, which may be regarded 
as complete in themselves or as preliminary to more Advanced work in the applications 
of tho subjects in question to industrial problems. 

The Imperial ( ol lege- -Koval School of Mines affords complete specialized courses 
of training, extending over four years, designed adequately to equip & student who' 
desires to follow tho profession of a mining, a metallurgical, or an oil engineer, 

The Imperial College — City and Guilds (Engineering) College affords complete 
courses of lining, extending over throe years, in engineering, arranged to suit the 
requirements of those preparing for engineering as a profession, or who desire to 
acquaint themselves with tho scientific principles underlying any particular branch 
of engineering. , 

In addition, the Imperial College offers special facilities for work of a more advanced 
character in all the branches of science previously referred to. The advanced student 
may engage in research work, ot attend full-time organized (xnirsea of a more advanced 
character than those forming the normal courses of the three institutions which. are 
integral parts of the Imperial (Allege, or he jnay attend the college as a part tiqjp 
student for the purpose of taking up one of the special lecture courses, with or without 
laboratory work, or a specially arranged course of study whether in ppre science or 
in the application of sdenoe to. industry. 1 * 

Such, courses include (a) Railway engineering, (6) Structural engineering, («) Hy- 
draulic engineering, (</) Surveying and geology, (<) Electrical machinery and bang. 
t farmers, (/) Design and erection of chemical plant, (y) Fuel and refractory-materials, . 
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(A) Tftc&tolqgy of woods and fibers, (t) Economic botany, (j) plant physiology and 
pa th o l ogy, (k) Biochemistry, (l) Economic entomology, (m) Comparative pathology, etc. 

Equipment for practical work * — The equipment of the depertinent 
of municipal and sanitary engineering comprises a “commodious 
drawing office, laboratory, and lecture room, and a well-arranged 
and fully-equipped sanitary engineers' workshop, provided with 
modem* appliances," 

m Standard surv eying instruments, as well as special appliances, are 
available for field work. 

Methods of water supply and sewerage are illustrated by col- 
lections of models and drawings showing every phase of the most 
modem systems. 

Appliance* are prtrvided for testing the suitability and efficiency of materialn u«d 
in drainage, sewerage, and waterworks construction; for telling the strength, water- 
tightness, and absorption of stoneware and other pipes, ana the joints used in con- 
nection with them; and for testing the efficiency of filters and the character of water 
supply. 

There is a collection of the various forms of automatic and ordinary water 
and of various types of valves, hydrants, water meters, including a Deacon waste- 
water metef and other waste-preventing arrangements, so arranged that their princi- 
ples and methods of construction can be readily studied and their efficiency teetai. 
A set of full-si sed working examples is arranged and fixed to illustrate the best methods 
of supplying hot water for domestic and other purposes. Valuable tests and experi- 
ment* can be carried out bearing upon water circulation, domestic boiler*. and the 
/ prevention of explosions and other accidents. Means are available for testing the 
efficiency of the materials used for pipes, and of the results of ooatj ng hot and cold 
water, steam and other pipes to prevent ruBt, loss of heat, and damage by frost. 

Appliances are provided for illustrating in a practical way the principle of heating 
and ventilation as applied to buildings. The school building itself is a model of 
modern sanitary and efficient construction. 

In connection with the study of road and street construction there is a collection 
of materials used for the various classes of work, together with drawings, specifica- 
tions, and particulars as to the cost of construction and maintenance of roods and 
street*. 

The Imperial College realizes more perfectly perhaps than any 
other technical institution of high grade, the principle of freedom 
of instruction and freedom in learning, but this principleJms been 
maintained without the sacrifice either of thoroughness or high 
standards, and it has been made possible by the high order of scien- 
tific and technical ability characterizing the officers and teaching 
staff throughout the entire history of the three constituent, insti- 
tutions. The constant relation maintained between the results of 
scientific research and their practical applications is illustrated by 
the syBtem of training in the mining school which has been developed 
in advice with persons actually engaged in the mining industry; 
f. board of mining and metallurgy was recently constituted to advise 
from time to time as to the course of the Imperial College, and also 
to examine, as might be deemed advisable, the system of education 
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iu the college to determine whdther in ite details* it WaB likely to 
prepare students for the practical duties of the mining profession. 
This is regarded as a very essential feature of the organisation, and 
it ia intended that it shall run through every branch of the work 
of the Imperial College. The term “ imperial’ f indicates the purpose 
lo make this college a center of advanced study which may draw 
from all the universities of the Empire, a purpose which 
/ is furthered by the very liberal provision of scholarships, and also 
by the unsurpassed equipment of the Imperial College for technical 
and scientific studies, the laboratories and buildings, with the avail- 
able land. for the institution representing at the present time a capital 
value exceeding |5, 00(1,000. 

The plans for making London a leading center for liberal and 
technical education* which occupied the serious attention of the 
Government on the eve of the European war, will doubtless be re- 
vived in the near future as one result of the enormous impetus given 
to the probloms of higher education by that event, and in this revival 
(he ultimate relation between tho two central institutions will agaiu 
ho- the subject of profound consideration. Tho tendency in Great 
Britain has been to bring the highest orders of training within the 
university province, ai. I this view was sustained by tho commis- 
sion on university education in London already referred to. In 
this connection their report says: 

Weight was laid in the evidence of the Imperial College upon the existence of a 
technical hochschule at CHarloltonburg independent of the University of Berlin 
a a furnishing support for the views of the governing body of the Imperial College.' 
* * * The conditions in Germany are, however' quite different from thoee in 
England. The scope of the Imperial College is much wider than that of Charlotten- 
burg, for there are no biological departments in the hochachule. The Uni versa ty of 
Berlin contains no departments of engineering such as thoee founded in connection 
. with the University of London many years before the establishment of the Imperial 
College. The universities of Germany were at first greatly opposed to including a 
technological faculty, and many of them were placed in towns quite unsuited for 
work of this kind; yet many Germans of standing in the university world, notably 
Paulsen and Felix Klein have viewed with regret the attitude the universities 
assumed. The reverse is the case not only in the University of London, but in all 
the universities of this country. Oxford has & department of forestry; Cambridge 
one for agriculture; both have departments of engineering; and, as we hfve shown, 
the history and circumstances of the modern universities have naturally l$d them 
to lay stress on the preparation for professional life of all kinds. But the practice * 
of combining technology with other studies within the university is not confined 
to England. It holds. equally in Scotland, Ireland, and Wales, aqd it holds also 
throughout the universities of the British dominions. * * * If, however, it is 
contended that the Imperial College is different from all these, because it ought in 
time, whatever may now be its practice, to devote itself solely to advanced work and 
research, to be a kind of super-university, for which the other universities of the 
Empire will prepare, then the Charlottenburg hochachule can not be quoted in sup- 
* port, for the main work of that institutional* undergraduate, and its standard of ad- 
mission the same as that of the German universities. 1 



* Royal Cosaiahsiai on Unlvonity Education in London, Final Roport, London, 1013, pp. 66-S7* 
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Stagts of dtvfXopmtnl . — The Manchester Municipal School of Tech- 
nology, developed from the Mechanics institution founded in that 
city in 1824, is of university rank and at present rveoghizod as one 
of the leading technical schools of the world. The course of this 
development is typical of what has taken place in the case of several 
other similar institutions in Great Britain, Established as u 
Mechanics Institution, it occupied for over 13 years the- first building 
expressly designed for such an institution. In 1857 it was removed 
to larger promises, whit’h wen' secured mainly by popular subscrip- 
tions. In 1 882 the inst itut ion received contributions toward its 
maintenance from the City and Guilds of I/Ondon Institute, which 
was organized to promote technical education throughout the King- 
dom. At the stunt* time the local contributions to the Manchester 
Institute were greatly increased, and the name was eh angl'd to 
Manchester Technical School. In 1887 this school lax* a me a bene- 
ficiary under the terms of the will of Sir Joseph Whitworth, who left, 
some £300, 000 (11,500,000) to legatees for the promotion of tech- 
nical and art instruction. It was proj>osed to devote this fund to an 
institution that should include a technical school, a school of art, 
and a museum* and to hear the name of Whitworth Institute, 
Arrangements were made with the governors of the technical school 
for the consummation of this purjmse, which was furthered by the 
donation of tlio profits accruing from the Manchester Jubilee 
Exhibition. 

Meanwhile, by the passage of the technical instruction acts of ISS'J 
and 1000, the Manchester city council was emjxtworvd to aid technical 
education out of the rates (property tax), and for this purpose addi- 
tional taxes amounting to £15,000 a year won' also placed at its 
disposal. In vie w^ of the enormous increase of the funds which the 
city council was prepared to devote to the technical school, it was 
decided that the council should have full control of the institution. 
This decision was concurred in by the governors of the Whitworth 
Institute, and in March, 1892, the technical school, with all its prop- 
erties, including a large estate that had been offe red as a site by the 
legatees of Sir Joseph Whitworth, was transferred to the municipal 
corporation. As a consequence of this transfer the school assumed 
the title of the Municipal School of Technology and entered upon a 
period of rapid expansion. * 

In 1905 the school of technology was associated with the University 
of Manchester, which established a faculty of technology and recog- 
nized the principal of the school as dean and the heads of the several 
departments as professors of the university. 
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I*re*eni statu ** — In 1912 the school of technology was officially rec- 
ognized as a college of university rank and included among tho higher 
institutions in Great Britain which received grants from the board of 
education. Tho site, buildings, and equipment, of the school of 
technology i_re now valued at X'dKOJXMl. The annual cost of main- 
taining the school is approximately £50,000. 

Since ascending to the university plane, the teaching and research 
work of tho school of technology have been brought into closer rela- 
tion with the industries of the district; and the demand for graduates 
exceeds the supply and is constantly growing. 

Organisation of courses. — The work of this municipal institution is 
organized in the interests of three classes of students* Those who wish 
to complete a full course of technical training, leading to the degrrn* 
of bachelor of scientific technology ; students who contemplate a more 
limited course of training; and graduate students either from tho 
Manchester school or from universities. Students storing for tho 
degree courses are required to pass the matriculation examination 
and a second test, the intermediate examination, which may be 
• deferred until at least a year before entering for the diploma examina- 
tion. Certificate courses are also provided for students, which do 
iu>t require the same entrance examination as the degree courses. 

Degree courses. — Tho division of tho Manchester School of Tech- 
nology which is comparable with tho higher technical schools pre- 
viously considered is comprised in tho degree courses. Candidates 
for admission to this division must pass the matriculation examina- 
tion which covers the following subjects: 

EuRlinh language am] literatim*, English history, mathematics, and thTW of the { 

folluwing subjects, one of which must ho a language, vjreek, Iatin, French, German, § 

Mine other language approved by the board, either n* ,‘hanics or physics, chemistry, 
pN»praphy (physical, jxilitiral, and I'ommervi&l), either natural history (plants and j 

animals’) or botany 5 \ 

Fred it is also given for alternative pa pen ef * higher standard which are taken 
according to «j»m it'nvl conditions. ^ 

The degree courses extend over three years from matriculation, and lead to the j 

degree of bachelor of ti*chnical science (B. Sc. Tech.). j 

The subjects of these courses are: . | 

Mechanical engineering. | 

Electrical engineering. 

Sanitary engineering. ■ 

Applied chemistry : ^ 

Co ) General chemical technology. 

(fc) rhemistry of textiles (bleaching, dyeing, printing, and finishing). 

(e) I^aper manufacture. 

(rf) Metallurgy and assaying. £ 

(e) Chemical technology of brewing. 

(J) Electrochemistry - ? 

Textile industries. 

* Architecture. i 


Printing and photographic technology. 
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jin the oonduct of the degree courses, great importance is attache! 
to the practical exercises. In the course of mechanical engineering, 
v/hich is taken as typical, the relative proportion of time aligned to 
theoretical and practical instruction is shown in tjio following table 
aVd diagram: 

jTiW atsigntti. fo (A*r>r*fwnf and prnrtwal mbirtU 


1 1 turn j*-r i 


H Flnt urm 
rtwwad urm . 
Third Irrin 

Hi rtm urm 
tfcoond trim 
Third urm. 
‘trrt Urtn . . 
rtrcood Urm . 
Thtrd larm. . . 


mo.it. 


These relations arc presented in graphic form in the following 
diagram. 


m 

Ml 

tc Flr*t y*ar Second year Third year 
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Duieau 4.— IttsUlbution o t time between Vheartucal eiid practical Instruction At Manchester 
Technkmi School, Department of Mechanical Engineering. 


Special courses are also arranged for students who possess tho 
necessary preliminary knowledge, but are unablo to comply with tho 
usual attendance regulations. 
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The following table gives particulars of the numbers of students attending university 
courses in the school of technology during the academic year 1913-14; 



Student* in university couth* of the Manchester School of Technology . 


/ 


Courses. 


Research 

Pejerse courses 

Certificate courses . 
Special courses 


Total. 


Living 
In Man- 
chester. 

£22 

— 

Total 

Man- 

chester. 

student^, v j 

IS 

t 



* 

«0 

34 

114 

S7 

M 

143 

33 

X 

m 

236 

no 

SH 


In this table the students eh own aa being engaged upon research are for the m qet 
part graduates of Manchester University who intend to embody the results of their 
researches in theses which they will submit io the examiners for the higher degree of 
master of technical science (M. 8c. Tech.). Among the research students there •are 
also some graduates of other universities who are required to carry out research work 
for two years m the school of technology before submitting a thesis for theM. Sc. Tech. 
dugre€t Persons who are not graduates of this or any other approved' university who 
have conducted research work approved by the faculty of technology during a period 
of three years may also submit theses for the M, Sc. Tech, degree. Finally, some few 
of the reaearoji students are not intending to proceed to a degree in this university. 
Among these latter are included advanced students or teachers in other uhiversities 
who are pursuing their researches for a time in the school of technology on account of 
the special facilities which it affords. „ ^ 

Certificate courses are also provided to meet the needs of students 
whose previous education is not sufficient to enable them to pass a 
matriculation examination, but who for many reasons are likely to 
profit by the privilege of attending a university course. With the 
improved provision for secondary education the need for certificate, 
alternative to degree courses, is rapidly disappearing so far as students 
proceeding direct from school to college are concerned. Steps have 
therefore been taken, to restrict the certificate courses to students who 
hare had at least one year’s full-time industrial experience after leav- 
ing school. The certificate courses, with a single exception, are the 
same in respect to subject matter as the degree courses; they pro- 
vide, however, special arrangements relating to students who may 
desire to proceed to a degree examination. The special bourses Am 
two years’ ceruncate courses provided in architecture and photo- 
graphic technology. 

From the official announcements it appears that: 

Scheme* are in operation whereby the teaching in fee'school of technology is coor*- 
d mated with the practical training in various industrial works, aad pcfyipwea 
apply not only to students who are employed in industry during the grsate part of 
their time and attend part-time classes also at the school of technology, but io 
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the univerrity student* who, during the three or four years which they devote to their 
degree course, spend their long vacation in works; towhich they return as “college 
apprentices” to complete their training when their whole-time college course is 
finiriied. 

It is not, however, only in regard to the training of engineers, chemists, and other 
technologists that the work of the school of technology is coordinated with the indus- 
tries of the Manchester district. The school of technology is now formally asked to 
undertake not merely routine tests, but special researches on behalf of firms in 
district. Moreover, in some instances the school of technology has cooperated with 
some local technical or professional society in the conduct of experimental researches 
extending over a con^lgrablo period of time. As an instance of this may be men- 
tioned the experiments on cutting tools originally undertaken by the hte Prof. Nicol- 
son in conjunction with the Manchester Association of Engineers and now contin- 
ued by Mr. Dempster Smith. 

A further instance of the growing iiterest which important firms take in the work of 
the school of technology is afforded oy the fact that when proposals were recently 
made for the erection of some new internal combustion research laboratories promises 
were received from local engineering firms to give the school of technology the use 
of engines worth at least £8,000. 

During the past year the laboratories and workshops of the school of technology 
have been largely occupied with Government work. Indeed, the school of technology 
through its engineering, chemistry, and textile departments may claim to have ren- 
dered important service to the country and its allies on the engineering, chemical, 
and textile sides of the war, as well as in the supply of antiseptics and anesthetics. 

The high standard of the scientific work of the Manchester school 
as shown by the Record of Investigations conducted by members of 
the staff and by advanced students. This publication, which has 
just peached its eighth volume^ covers, it is said — 

researches carried out since the year 1800 in all departments of the school, including 
pore and applied mathematics, mechanical engineering, physics, and electrical engi- 
neering, pure and applied chemistry and metallurgy, the science and practice of 
sanitation and building, textile manufacture, and the photographic and printing 
industries. 

For investigations in all the departments named, the institution is 
admirably equipped and has the advantage of assistance from leading 
manufacturers. Extensive increase of the laboratories had been 
planned before the war, and the work has not been entirely hindered 
by that event. In particular, attention is called to the — 

tfsw’laboratoriee for advanced training and research in the subject of coal-tar chemistry 
in its b e aring upon the dyestuff industry, which have been opened under the charge 
of Prof. A. . G. Green, of the University of Leeds, with the help and advice of Dr. E. 
Knecht, the professor of chemical technology, tjius giving full opportunity, not only 
for the efficient training of c herniate for the jgrowing demands of the organic chemical 
industries, but for the establishment of a school of research for the chemistry of dyes 
and alfiedsubstances employed in industrial chemistry. 

j to provision foi* ltdioratdry research and the industrial 

fhe Jesuits thip obtained the Manchester technical 
school ranks with the highest in Europe. 
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TECHNICAL COLLEGES OF SCOTLAND. 


Glasgow and Edinburgh. are centers of technical education in 
which the gradual development up to the highest order of institutions 
has followed the same course as that noted in the case of English 
centers. The Royal Technical College, affiliated to the University 
of Glasgow, and the Heriot-Watt College, coordinated with, the 
University of Edinburgh, represent the highest provision for tech- 
nical education in Scotland. Both institutions were at first intended 
to provide instruction in evening classes for clerks and mechanic, 
and they were eventually linked up with the system of examinations 
carried on by the science and art department. At present these 
institutions maintain close relation with the continuation schools 
and evening classes established by the school boards, and also pro- 
vide professional courses for engineers, export chemists, etc., in 
accordance with university requirements and. standards. 


TH* ROYAL TECHNICAL COLLEGE, GLASGOW. 

^ Th e Royal Technical College, more commonly known as the Glas- 
gow and West of Scotland Technical College, is the center for the 
western division of Scotland, comprising nine comities. All the 
science classes of this division are affiliated with the technical college, 
to which their students are admitted by the school certificate. This 
college was founded in 1796 on the bequest given by Prof. John 
I Anderson, to whom reference has previously been made. Its presenfc- 
f status is briefly set forth in the following official statement: 

In ISIS the technical college was affiliated to the University of Glasgow. Ite day 
work is of university standard. The major part of its evening work is of utmilnp 
standard, but it also conducts a number of evening trade clasees. 

Day students must have attained a minimum age of 17 years, or have passed the 
preliminary examination of the Scottish universities for graduation in science. This 
examination, or a recognized equivalent, is obligatory on ail students who propose 
to proceed to a degree in applied science, and comprises (1) mathematics, (2), English, 
and (3) either two languages, or one language and dynamics. Occasional students or 
students who intend to proceed to the college diploma -only are admitted without 
examination if they satisfy the authorities Uiat they are qualified to enter upon the 
court* of study they propose. Their qualifications must include a knowledge of 
mathematics at least sufficient, to enable them to enter the lowest classes in mathe- 
matics. ( 

The diploma of the college is granted in the following subject*, which it, 

main department*: Civil engineering, mechanical engineering, electrical engineer- 
ing, mining, naval architecture, chemistry, metallurgy, building, textile manufacture, 
dyeing, and sugar manufacture. In cheUristry and metallurgy the course is four 
years of rune months, each, In engineering the course is not lea than three years of 
Jhe. rix winter month*. All engmeering'^udent* are expected to epend, the summers 
& m P^cal work, usually a* a part , of their formal’ apprenticeship in engineering 
£ «cept for ofle summer In the case of civil ehgineeh and 'mining engineers which!* 

ij given to college work in surveying. . “““ “ 
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lt may be add that* infmfa!»rthe ooiw.of study-aw divided in approximately 
equal proportions between theoretical and practical work, the mornings being given 
to lectures and the afterneons to the laboratories or to {bearing. In the later years 
of the coursee in chemistry and metallurgy mare time is given to laboratory work. 

Students make their own arrangements with employers with reference to admission 
to a works, but In the normal conditions of industry they have usually no difficulty 
in doing this. The variety of the indtmtriea in the west of Scotland, the very varied 
requirement* of students, and the cnuacteristics of particular industrial works 
interfere with any organised scheme . 1 

The college roistered 600 day pupils in 1913, of wKoni more than 
half were giving their whole time to college work to which they wore 
admitted on full university standard. The other half of the student 
body oomprised about 150 graduate students who were attending 
for special courses. All the day students were doing work of univer- 
sity standard with the exception of one little group, viz, that of 
bakefrs. The presence of this small body of students illustrates in a 
striking maimer the practical bearings of the institution. It is the 
result of a movement on the part of the master bakers, who sub- 
scribed $20,000 to equip rooms for this particular subject. One of 
the associates in chemistry, who had also a prae^cal knowledge of 
bakery, was installed as a lecturer. The students number 10 or 12, 
nearly all sons of bakers, who are giving their time to this work 
with the expectation of succeeding their fathers in the business. 
The “school of bakery and confectionery” promises to ‘remain a dis- 
tinctive feature of the college, because the bakers of Scotland have 
made sacrifices in its interests. At present the master bakers of 
Glasgow subscribe $500 a year for its support and provide all the 
material used in the school. The course of Btudy, ^hich extends 
over two years, includes the following subjects: Bakehouse and shop 
bookkeeping; practical breadmaking; practical confectionery; icing 
and piping; and laboratory work. This practical work is supple- 
mented by a comprehensive course of lectures dealing exhaustively 
with the materials and the processes that relate to the baker's art 

mmorr-WATT collbgk, edenbubgh. 

The Heriot-Watt College was founded in 1821 under the name ot 
tiie School of Arts, by the cooperation of a number of prominent 
men of Edinburgh. Its object, as indicated in the prospectus, 
was “the better education of the mechanics of Edinburgh in such 
branches of physical science as are of practical application in their 
several trades.” The name of the school was later changed to the 
Watt Institution, as the result of Agreement with a committeo 
which had raised a fund as a memorial tp Janies Watt; and eventually 
tthder theprovisiQns of a scheme obtained from the educational 
endowments commission, the Watt Institution was combined with 

* > OltAd frwi ft»t— wit by tt» director, Dr. H. F. Stootatol*. 
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that of Oeorge Heriot's hospital and was thenceforth known aa the 
Heriot-Watt College. Although essentially an institution for . tech- 
nical education, it comprises commercial classes and a section for 
literature, music, and languages. Hence with a high order of tech- 
nical instruction, leading to a variety of professional callings and 
trades, provision is made for the practical educational needs of the 
community. The former purpose alone is here considered. 

The technical division of (he college grew steadily in strength 
and effectiveness, and finally was brought into close relations with , 
the University of Edinburgh. The technical instruction is given in 
day classes, special classes, and evening classes. The scope and 
standards of the work are indicated by the following statements: 

In 1901 an arrangement was made between the University of 
Edinburgh and the Heriot-Watt College with a view to securing 
mutual cooperation in the training of engineers; a joint advisory 
committee, representative of the university and George Heriot’s 
trust, was appointed; and it was arranged that one of the professors 
of the Heriot-Watt College should also be a member of the examinin g 
hoard for the engineering degree at the university. Under this 
arrangement an exchange of students took placd between the two 
institutions — diploma students of the Heriot-Watt College receiving 
part of their traihing at the university, and degree students of the 
university receiving part of their instruction at the Heriot-Watt 
College. At the same time, a course of three years was laid- down 
for the college diploma in engineering, and a course of four years 
for the diploma in technical chemistiy. 

The latest arrangement with the University of Edinburgh enables 
students of the Heriot-Watt College to obtain degrees in the three 
departments of civil, mechanical, and electrical engineering. The 
first year's training in all three branches is received entirely within 
the university. In the second year, when specialization begins, the 
studies are pursued partly at the university and partly at the college. 
In the third year, when specialization is carried to its completion, 
the greater part of the training in electrical and mechanical engineer- 
ing is given at the Heript-Watt College, while, as heretofore, the 
civil engineering students receive their third-year course of training 
at the university. It is further provided that the classes held in the 
day college shall be recognized by the University of Edinburgh, so 
that students can proceed to take degrees in engineering and id 
chemistiy by passing all the necessary university examinations and 
attending certain additional classes in the university. 

The arrangement with the university also enables, university 
students to specialize in the departments of engineering maintained, 
by the Hpriot-Watt College; hence students of engineering registered 
in the Heriot-Watt College or in th-a University of Edinburgh may 
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become candidates for both the diploma of the college and the 
university degree of B, Sc. 

All students in the day claasea of the Heriot-Watt College are 
admitted by examination, or proofs of equyalent attainments. 
Those .who enter for a diploma course must pass an examination 
covering the following subjects: 


(a) English' And mathematics. These two subjects must be taken by all candidates. 
. (t) Any two selected from the following: Experimental science, FYench , German, 
‘ Spanish, Italian, Latin, Greek. The governors may accept a language other 
than those named, but a candidate must give t^roo months' notice of his 
wish to be examined in such language. 

All the subjects professed by the candidates nrost be taken at one time, and the 
a nam i na t io n must be passed as a whole. .The preliminary examination will 
be held twice a yearr— in April and in September. 


Candidates who hold the leaving certificate of Scotch secondary 
schools, or equivalent proofs of attainment, are excused from this 
examination. . ' * 

The subjects of the final examination for the diploma conferred 
by the college are grouped as follows: 

Group I. Mechanical Engineering. — Engineering, higher standard; mathematic*, 
higher standard. 

Group XI. Electrical Engineering— Electricity, higher standard; electrical engi- 
neering, higher standard ; mathematics, higher standard ; mechanical engineering, 
pass. 

Group III, Chemistry. — Pure chemistry, higher standard; one branch of applied 
chemistry, higher 'standard, such as gas manufacture; or some department of 
applied analytical chemistry; or physics, higher standard; or physical chemistry; 
or electrical engineering, higher standard. 

Group IV. Brewing. — Theory and practice of brewing, higher standard; pure and 
applied mycology and bacteriology, pass; enzymology, pas<j; chemistry, pass; 
engineering, pass. 

Group V. Brewers' and Distillers' Analysis. — Theory and practice of brewing and 
distilling, pass; pure and applied mycology and bacterjplogy, higher standard; 
enzyiaology, higher standard; chemistry, higher standard; analytical chemistry 
and mycology and enzymology, higher standard. 

Group VI. Mining Engineering.— Geology and mineralogy (examination held at 
the end of the second year); coal mining, higher standard; metal mining, higher 
standard; mine surveying, higher standard. 

Two degrees of science in engineering are conferred by the university, 
viz, bachelor of science in engineering and doctor of science in engi- 
neering. The requirements for these degrees are determined by a 
joint advisory committee on engineering studies consisting of the 
professors of mathematics, natural philosophy, chemistry, and«engi- 
necring, and the dean of the faculty of science, together with repre 
sentatives of the governors of George Heriot’s trust. 

The facilities for practical training available for the students of 
engineering and chemistry in Heriot-Watt College include not only 
the ^tensive laboratories and workshops of the oollege itself, but 
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also the laboratories of the university. Recent additions to the 
equipment include an elaborate range of new chemistry laboratories, 
extensive laboratories equipped for the study of technical mycology, 
and a mine-rescue station attached to the mining department. 

Arrangements have. been made with leading firms of engineers in 
Edin burgh and elsewhere by which students of the college are allowed 
to begin their apprenticeship at the end of the second winter's session, 
returning to the college the following autumn to complete their third 
session. As a result of these arrangements, if a student on entering 
the college puts down his name as an apprentice with one of the 
firms, he can obtain his whole training) both theoretical and prac- 
tical, as a mechanical or electrical engineer in from five to six years. 
Students of exceptional ability also have the chance of securing 
bursaries which greatly reduce the cost of tuition. The annual fees 
for day classes vary according to the number of lectures and, the 
stage of advancement in the course. Composition fees for the com- 
plete winter courses in mechanical and electrical engineering and 
chemistry range from £12 12s. to £15 5s., not including the matricu- 
lation fee of 5s. The fee for the summer workshop courses is £2 2s., 
and for tho summer laboratory course £3 3s. The arrangements 
with engineering firms referred to make it possible for a student to 
secure his training at the college for three complete sessions, plus 
the premium for apprenticeship, for a sum varying from £120 ($600) 
to £200 ($1,000) according to the firm chosen for the apprenticeship. 

Students who pass tho university preliminary examination have 
the advantage of the provision for the payment of fees by the Car- 
negie trust, under the same conditions as those which apply to the 
univeisity students. 
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The University of Dublin, Ireland, established a school of engi- 
neering m 1842 for the purpose of affording to such students as intend 
becoming civil engineers systematic instruction in the branches of 
knowledge relating to their profession. 

Such students are required to register as members of Trinitv College 
and subject to its regular discipline. 

The professional course in engineering covers three years; tho 
instruction is conducted by means of lectures, laboratory and field 
work. An optional fourth year’s course has Wen established for 
students wishing to make a special study of electrical engineering. 

.The university cortfers a certificate in engineering upon students 
who complete the full three years’ course and pass the final exam- 
ination. 

A student who has not only completed his course in the engineering 
school, but has also completed the first two years in the course in arts 
and passed the final freshman examination (Lit tlego), is entitled to 
the license in engineering granted by tho university. A student who 
has not only completed his course in the engineering school, but also 
graduated in arts, is entitled to proceed to the degree of bachelor in 
engineering. A bachelor in engineering who has been actually 
engaged upon engineering works for a period of three years is entitled 
to proceed to the degree of master in engineering.* 

A diploma in electrical engineering is conferred upon those students 
who take the optional fourth year. 
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POLYTECHNIC SCHOOL, ZURICH. 

Organization . — The Polytechnic School is the only educational 
institution in Switzerland under the control of the Federal Govern- 
ment, and its organization is therefore a matter of unusual interest. 
The supreme executive and directive authority is vested in the 
Federal council, whose decisions respecting the affairs of the institu- 
tion are based upon recommendations submitted by the minister of 
the interior. 

For • tiie immediate administration of the Polytechnic Schools a 
body called ‘ Swiss school council 0 is appointed by the Federal 
council. The Federal council, however, reserves for its own decision 
all ith port ant matters. It appoints, transfers, and retires professors 
and the auxiliary teacliing forces of the school; issues rules ami regu- 
lations of ordinary importance, to be observed by the institution, 
thb fundamental statutory regulations being decided by the'Federal 
Assembly. The Federal council also controls the finances of the 
school and examines the annual reports submitted by the school 
council. All gifts and bequests offered to the institution must be 
approved by the Federal council before they are accepted, and the 
expenditure of general funds of tho school is supervised by that body. 
The school council is, however, freely consulted in all these matters. 

The authority of the school council comprises the superyision of 
instruction, tho appointment of the director and vice director of the 
school, as well as that of managing officers, etc.; the assignment of 
salaries, within theiimita imposed by th^ Federal laws; the award of 
scholarships, reductions of fees, bestowjnent of prizes and diplomas. 

In general, the school council attends to the current administration 
of the institution, aside from the weightier decisions, reserved to tho 
Federal council, and the ordinary routine measures left to the autono- 
mous organization of professors. 

At the head of the latter organization stands the joint conference 
of professors of all departments. This body nominates the director 
of the school for approval by the school council. The director, whose 
office corresponds to the rectorship, in the universities, is appointed 
for two years and may be reappointed to serve for three successive 
terms. His deputy (otellvertreter) is appointed in the same manner. 
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le director or his deputy must attend the meetings of the school 
council and may take part in the deliberations. 

The joint conference convenes regularly onco a year, but may bo 
invited to extra sessions at any time when emergency occurs. The 
conference is composed of all the teaching fore's of tho school, 
including the private docents. Its task is designated as that of 
‘ keeping always in mind the good of the institution, proposing tin- 
necessary improvements, and bringing to tho attention of the authori- 
ties tho existing evil conditions ’’ 

Departmental conferences, organized on similar lines and corre- 
sponding to faculty meetings at the universities, are held- for the 
determination of matters pertaining to the proper conduct of instruc- 
tion in the respective departments. Occasionally the departmental 
conferences are consulted by the president of the school council or 
the director of the school in matters of school discipline, etc. 

Admission requirements. —Candidates for admission to the 1><%- 
technic School must be 1 S years of ago and present the graduation 
certificate (certifieat do maturity, of a Swiss middle school or submit 
to an entrance examination. Specie! students may be admitted for 
lectures in any semester on passing the required examinations. Men 
of mature years, who desire to attend lectures, mav ho exempted 
from strict conformity to the rules. Students of the Zurich Univer- 
sity are admitted on presenting their card. Students who complete 
the course which they may have selected receive a certificate 
(abgangszeugnis) showing the average marks for the obligatory sub- 
jects. At the dose of the courses in each division, students undergo 
an examination for the diploma. The foes, as expressed in United 
States money, are as follows: 


Entrance Regiatration 

Examination 

Yoarly aohool fee 

Insurance ogmrujt Hiukuc.^s and acrid it nt. 
Library and reading-room (tje 


$2 On 
A 00 
30 00 
1 L>0 
1 00 


Total 


:w. uu 


The dure for optional subjects are included in the yearly school fee 
of $30, hut for lectures which are not obligatory and are given by the 
honorary professors and instructors (private docents) a special fee of 
$1 per weekly hour in tho semester is charged. The annual term 
comprises two semesters, one opening April 15 and the other Octo- 
ber 15. 

The standard of admission for all regular st udents is high, partieu - 
larly as regards mathematics, and while liberal provision is made for 
various classes of special students in every case proof of ability to 
profit by the privilege is required. 
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1 School of archil tx’t ure 

. School of civil tuigi not 'ring 

3 School of uitvhumciil engineering 

4 School of chemiciU technology 


»» 

3} 


In technological section 


In pharmacy course 


S Agricultural and forestry division 

toi Agricultural ncIiooI 

\h\ Agricultural engineering srliml . 
ifi Silviculture 


•> 


f> School for spivial toucher* in matlicinat icul an«l natural srjenee nahjeet*: 

in) Mathoimvtiral *vtiou ■ . < 

fM Natural science see non . ..... 
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a ion.- Tho languages of instruction arc French, German, 


aiul Italian, in conformity with tho special conditions of the country. 
Instruction is given by means of lectures, repetitions, seminaries, and 
practical occupations. In order to he admitted to the lectures $nd 
practical occupations of the higher semesters, which presuppose 
acquaintance with prescribed science, the student must produce 
proof that he has (1) completed tho required preliminary studios, and 
(2) performed the practical exercises of the respective specialty. A 
student who, after a specified period of time, has not passed any 
examinations (semester or diploma examinations) may bo prohibited 
by the school council, upon the advice of tho ^lepartmental conference, 
from further attendance upon the lectures. 

Diplomas and degrees — The technical departments confer diplomas 
of engineers, architects, chemists, etc. The departments of mathe- 
matics, physics, and science confer diplomas of " professional teachers" 
of these subjects (Faohlehrer). 

A special examination leads to the doctor's degree. 

Typical courses of instruction . — The department of ciyil engineering 
derives special importance from the difficult engineering problems 
that, are presented by the topography of the country. The funda- 
mental studies are the same in this department as in the department 
of mechanical engineering and occupy the chief place in tin* program 
for tin? first two years, the distribution of time between the subjects 
being the same for both departments and both years, as shown by- the 
following conspectus: 


Schools op Engineering 


/ yraT. — Firtt and tetond *f mesUis. 


Hours per week. 


4 

1 

2 


Differential calculus (Herman or French) 

Review (in groups) 

Exercises * 
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Descriptive geometry. : . P*w^t 

Review (in group*) ; 

KxmiiMft. *..!!!”!!!!.*’.!!! 1 

Analytical geometry 

Review (in groups) * w * 

OMniitty 

R*vi*w. I:::::::;:::::::;::;;;:;;;;;;;;;;;;;;;;"; i 

JJ f«w.- flirS *m4 fourth orwuMrrt. 

DiflflPsntiiJ equations 

Exercises in equations , . * ....... 4 

. Theory of differential equations. . . 

Review . . 7 ;; 4 

Mechanics, U Part *. 

Review (in groups) , 

Exercises (in groups) 

Graphical statics, I Part „ 

Rxm ci sss in statics 

Review j 

w>yri« 4 

The subjects special to civil engineering occupy 7 hours a week the 
first year and 8 hours the second; the subjects special to mechanical 
engineering, 5 hours and 25 hours, respectively, of the latter 10 »rt« 
given to drawing and 4 to optional exercises. 

In both schools of engineering the courses of instruction for the 
remaining time, i. e., the thin! year (two semesters) and the fourth 
year (one. semester), are fully specialized. 

The school of chemical technology of the Zurich Polytechnic is 
noted for the breadth and completeness of its curricula, in which full 
recognition is given both tbjthe scientific and practical aspects of the 
subject. In addition to the main section, which has a course of three 
and one-half years duration, there is a pharmaceutical section with a 
two-years’ course. The subjects and their time relations in the main 
• section are given in the following table: 

Cksmioo-Tichnical School. 

TSCHNICA.L SECTION. 

? P<*r—nr$f4 ooooui oemuotm. 

Hjghar mathematics Hour* pw w»i 

Exercises in mathematics 9 

Inorganic chemistry 1 . . 

Review ^ 

Analytical chemistry , 1 1 Part o 

“ Practicum * ! for analytical chemistry jg 

Mineralogy 1 ’ 

8mri€nT7. i ..!.::”::::;:;:;:;:;:;;;; i 

Mechanics and engineering u 

Review > * — J 

^Pwtatos abo to tbs ntewsMtffcel McUon; the rvmfetsf snl^ol 
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SWirzsIUKD. , . 

Ilfmr.— nWiW/wfliiwffri, 

Inorganic chemical technology ; Hwm per «ml. 

Review. v 1 

Heating, etc. 2 

Organic chemistry, Part II. 1 Benzene derivatives 2 

Review v . 1 

Practicum for technical chemistry * * ; mm ' jg 

Physics 4 

Review ^ l 

Practicum for physics for beginners 4 

Engineering. 2 

Review ! ^ V. 1 

Exercises in deeign 4 

III pear.— Fifth *nd tilth tr metier t, 

Pleaching, dyeing, and dyetk 4 

Review. ; ( 

Metallurgy....... 2 

Review ." 1 

Practicum for analytical chemistry or : 24 

Practicum for technical chemistry 24 

Cicneral botany, with reviews 4 

General geology, with reviews 5 

Analysis of gas, with exercises 1 

Analysis of foods, with exercises 2 

General electrochemistry , 2 

Practicum for electrochemistry for advanced students 15 

Physical chemistry 2 

Industrial fittings and buildings 2 

Exercises in design 2 

industrial hygiene. 2 

Bacteriological exercises for beginners [ 5 

Bacteriological excises for advanced students Daily. 

V TV pear.— Seventh umtMler. 

Practicum for analytical chemistry or 24 

Practicum for technical chemistry 24 

Practicum for electrochemistry for beginners 4 

Practicum for electrochemistry for advanced students 15 

Exercises in microscopic work 2 

Technological botany, I. (Fibers and their strength) 2 

Electrotechnics 2 

Elements of national economy 3 

Political economy 3 

The school for special teachers of mathematical and natural 
science subjects has an extensive program equivalent to a four-years^ 
course, but the branches are so arranged that students follow selected 
lectures in the other courses according to their needs. Participation 
in the seminarial exercises takes place, as a rule, in the third and 
fourth years. 

In addition to the courses of ins' .n in the specialized schools, 
provision is made for general scientific studies comprised in the divi- 

1 IW<4lni>aototh» p h >ri»w <i iUrm lw< 4l op. > 
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sion of general philosophy atad Slate economy. This is intended to 
% <5 prevent the narrowing effects of technical training by emphasizing 

^ the cultural bearing of the scientific elements and the importance of 

technics in the national economy. This section offers opportunity 
for the highest order of study and research in tho mathematical and 
physical sciences, and also for the pursuit of purely cultural branches 
j viz, literature, modem languages, history, history of art, political econ- 

'y om y ’ ar ® combined subjects bearing upon tho natiohal life 

and history , in particular the constitution of Switzerland, and adminia- 
£ trative and commercial law. Courses in cultural subjects aro open 

['• - to all students, and attendance upon at least one such course is 

■f obligatory. 

f The division of military science comprises a section intended for 

general auditors or students desiring a limited course of instruction 
in this specialty, and a section of a more thorough and professional 
l character intended for military officers. By virtue of a special 

j«r' ordinance issued in 1911 tho attendance of officers and teachers of 

? military science upon the professional section of this division has 

been greatly increased. 
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LOWER STAGES OF TECHNICAL EDUCATION. 

The system of education in Italy provides for specialization at an 
early age; hence pupils looking forward to industrial and technical 
pursuits generally enter upon courses of instruction having that end 
in view as soon as th,cy have secured the certificate -of primary studios 
(maturity, which is generally obtained at about 11 years of ago. 
The courses of technical instruction arc provided in schools of two 
grades, which are, however, correlated with each other. The lowest 
of these is termed simply technical school (scuola tecnica), and the 
second, technical institute (istituto tecnico). The lower school 
has a three-years’ course corresponding to that of the higher primary 
schools of France having vocational sections, or to the lower classes 
of modern secondary schools in Europe. . The- higher school (istituto 
tecnico), which a pupil enters at about 14 years of age, has a four 
years course corresponding to that of the upper classes of the modern 
secondary schools of Europe. The two schools represent, therefore, 
two grades of technical instruction, each of which has a distinctive 
purpose. The courses of study, however, are so coordinated that a 
pupil may pass from a technical school to a technical institute and 
thereby complete a course of seven years having the same relation 
to tho highest order of technical institutions that' the classical sec- 
ondary schools (ginnasi and licei) bear to tho universities. 

The courses of instruction in the preparatory schools ara adapted 
to pupils looking forward to any one of the three great industrial 
pursuits, i. e., agriculture, commerce, and technical industries. For 
the present purpose it will suffice to consider the preparatory course 
having a technical orientation. 


Curricula for the technical school and technical institute — Hours per week. 


Subjects. 

Italian 

Technical school 1 . 

Technical institute (phystoo-mathemat- 
icai section). 

Class 1 . 

0 

3 

J Class 2. 

6 

4 

Class 3. 

Class 1. 

Clavt 2. 

| Class 3. 

I 

Ctewsi 4. 

5 

3 

fl 

3 

0 

3 

a 

3 

3 

b 

3 

i 

!» 4 

2 

1 0 

2 

O 

French 

English or German 

History.. 

2 

2 

i 

2 

2 

4 

2 

2 

2 

3 

2 

3 

a 

e 

3 

6 

Geography 


Mathematics 

r; 5 

0 

Nat oral history , 

Physics 


Wilting and bookkeeping 



4\ 



5 

3 

Chemistry lessons 





3 


Cbetniatry practice 






4 

0 

Drawing.. ... 

a 

4* 

2 

3 

2 

6 

0 

i 


ixJgw andT ethics . . 


2 



uyij instruct khi 



1 





Total. 

24* 

»* 

37* 30 

33 

4 80 

20 



1 Contributed by W. W. B&Jffln, specialist In the Romance ltB|nigwi, 
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Students who complete the course of the technical school and pass 
the final examination which entitles one to the “licenza,” may enter 
the technical institute. -The latter course leads directly to the 
preparatory department of a higher technical institute. 

HIGHER TECHNICAL INSTITUTIONS. 

Higher technical education in Italy is the province of independent 
schools and technical institutes annexed to the universities. These 
institutions have their distinctive aims and characteristics, but are 
practically uniform as regards their standards of admission and 
graduation. The higher technical institute of Milan is here selected 
as representative. 

a iSTmrro tecnico superiors di milano. 

- character and. scope.— The Instituto Tecnico Superiore of 

Milan was established by royal decree in 1862 , and in common with 
the royal universities and remaining special schools of the same 
order, pertains to the ministry of public instruction: It derives its 
support from the State and the Province and commune of Milan and 
has been the subject of special consideration on the part of the Gov 
element, as indicated by successive decrees extending or perfecting 
its operations. Of these the latest bears date 1897 . The purpose of 
the institute, as officially stated, is to provide the highest order of 
instruction for candidates for the professions of civil engineering, 
industrial engineering, and civil architecture, and for teachers of the 
exact sciences in the technical institutes. 

The institute comprises two preparatory sections, one for the course 
m engineering, the other for the course in architecture. The main 
department oonsists of three technical divisions (scuole di applica- 
zione) as follows: Civil engineering, industrial engineering, and civil 
'architecture. Each of these divisions offers a three years’ course of 
specialized instruction. A normal section, having a four years’ 
course, prepares teachers of physics, chemistry, and natural sciences 
for the technical institutes (secondary). There are also associated 
with the institute important auxiliary establishments which will be 
considered separately. 

Entrance requirements . — Students who have successfully com- 
pleted the course of instruction in a technical institute may be 
adimtted to the preparatory section' of the superior technical school 
of Milan, which completes the training in mathematics and physics 
required for entrance upon the specialized departments. Candidates 
may be admitted directly into these departments provided they have 
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» spent at least two years hi a university faculty of physical, mathe- 
matical, and natural sciences, or in the preparatory course of h igher 
technical institutions corresponding to. that of Milan. The mention 
in the catalogue of the institutions referred to indicates the regional 
influence possessed by the higher school of Milan. Am ong, those 
mentioned are the school of Padua, the Polytechnic of Turin, end the 
higher naval school of Genoa. The attractions of the institute of 
Milan are increased by the associated laboratories and special insti- 
tutes of private foundation. For instance, the electrochemical school 
not only admits students of the royal school of Milan, but offers 
inducements to other students, in particular to Armenians who have 
completed the secondary studies in the Armenian Iiceo Tecnico 
“ Moorat Raphael” of Venice, or the technical courses of the Istituto 
Forestale Vallombrosa. v 

The cases of students from foreign schools who apply for admission 
to the technical institute of Milan are decided by the council of pro- 
fessors upbn consideration of the foreign diplomas which candidates 
must present at least a month before the opening of the school. The 
school year begins November 3 and ends June 30. No registrations 
are permitted after the beginning of lessors. 

In order that diplomas and other documents issued abroad may 
be recognized in the Kingdom of Italy they must be vis6d by the 
royal Italian consul in the respective foreign States. The signature 
of the royal consul must then be authenticated by the minister of 
foreign affairs in Rome. * 

In the scholastic year 1913-14 there were 949 students, represent- 
ing nearly all the Provinces of Italy and including 52 foreign students. 
The faculty for the same year numbered 96, divided as follows: Ordi- 
nary professors, 13; permanent and extraordinary professors, 2; 
extraordinary professors, 4; instructors (incaricati), 21; free docents, 
26; and assistants, 30. 

Fees, examinations, etc . — The total fees for each student in the pre- 
paratory schools vary from 193.10 lire 1 to 283.10 lire; in tbo'Scuole di 
Applicazione, from 213 to 473 lire, and in the normal school from 
148.10 to 378 lire. These figures include small laboratory fees; *As 
prescribed by law and approved by the royal decree of August 9, 191Q, 
the tuition fees to be paid by each student are as follows: Matricula- 
tion fee, ° -75 lire; annual tuition fee — preparatory school and schools 
of application, 165 lire; normal school, 125 lire; diploma fee, 100 tire; 
Carlo Erba Electro-Technical Institute, annual tuition fee 133.10 tire; 
School of Electro-Chemistry, annual tuition fee, 143.10 lire. > . i 
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Hie tiiition ’fees for foreign auditors amount to 20 lire for each 
course. 1 

The annual supertax for special examinations is 20 lire; for exami- 
nations for the laurea or final diploma, 50 lire; for the repetition of a 
special examination, 10 lire, and for the repetition of an examination 
for 1 the laurea, 50 lire. 

’Revision is made’ by which students of unusual promise but of 
limited resources, including foreign students under certain conditions 
may be relieved of a portion of the tuition fees. 

Co urses of instruction . — The preparatory sections have a two years’ 
course; the subjects of instruction and the distribution of time 
among them are shown in the following table: 

♦ 

Court?* oj lh? preparatory sections. 


Subject. 


Analytical geometry ,7!.. 

Mathemattoal analysis: 

First-ynar preparatory engimv'rine 

teood-ytar preparatory engineering . . 

, MathtaaticaJ analysis; 

Fb»t-ywr prtpanuory architecture 

fieoond year . prepare* cry architect urc . 

' Projeetlt* and descriptive geometry 

Rational mechanics ( fos engineers) 

Ra t ional mechunlca ( for arch i tacts) 

Experima&tal physics: 

' First year 

year 

laorpofetemlstry 

Art of daalgntng and figure: 

Fht*f«r preparatory architecture 

Second-year preparatory architecture . . 

First-year section of architecture 

Architecture: 

Fint-year pre juratory architecture 

Beoood.-year preparatory a/chlu>ctur*. . 

First-year section of architecture 

Seoond-year section of ar^jttocture 

Third-year section of architecture 

State lfttnture: 

. First year 

: Seohad year., 

0«m St ta £ ^: 

Second year 

EngJfch language: 

First year 

Second year 


Hotir? > per week! li- 



k>ns. 

Exercises 

and 

1 quiues. 

3 

1 

4 

3 

*4 

2 

3 

l 

*2 

tj 

3 

« 

4 

1 

*3 


2 

1 

? 

a 

4* 



ft 

fi 

ft 

1 
» ft 

*v 

to 
*0 
» 13 
MM 
1 21 


1 The hours are the same for both years'. 


1 First semester. 


* Second semester. 

The courses of instruction in the specialized departments (Bcuole 
di applicazione) of the institute cover three years, divided each into 
two semesters. The subjects and the number of semester hours a 
Veek given to each are shown in the following table: 
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Ooune* of the rpecialiied department*— fftmrt per week. 



w * 


Subjects of Instruction. 


war tear. 

Pnlf''nal mechanics 

T> , nodvnamJos and technical physics "I.’!!!!!'..*!.*.'"!!!!.* 
.mw of ^nstrucUon* (mechanics applied (o constructions), 
oneral theory of machines (mechanics applied to machines) 

Agricultural chemistry, I 

Applied mineralogy and materials of construction 

General and applied geology 

Architectural design * 

History of architecture ! ! ! . 

Analytical chemistry 

Mechanical technology, I 

Machine design • 

Ornament and figure 

Perspective.,.. ^ 

Architecture ‘ * * * 

Total 


second TEAR. 


Civil engi- 
neering. 


is 


-o V 

§ $ 


fi i 


Bra. ! Bra. 


4 ! 

3 ! 

10 | 

2 I 

5 ! 

3 ! 

2 \ . 


2 I 


General etectrotechnlrs. I 

Hydraulics (water supply and hydraulic cxmsi^ciionij 

Science of constructions (mechanics applied to constructions) . . . 1 io 0 
lnd ustrlal mechanics (theory of thermal and hvdnuilio math iuM. i 4! 3 

Topography, I * \ u 

Geodesy 1 3 ( 3 

Practical architecture » g! in 

Agricultural chemistry | 2! ft 

Agricultural science T 3) 3 

Law and political and tndiistrfai economy 1 .... 3 I 3 

Machine construction I 

Construction of thermaland hydraulic motor? . ! ! 1 

Mechanical technology, II 1 

Physical chemistry , * : j ’ 

Technological chemistry, I 

Metallurgy * ! 

Ornament and figure 4 1 * % 1 

Perspective ..... ' 

Architecture 


Hygiene applied to engineering. . 
History of architecture 


Industrial 

engineering. 


Bra . 

4 
3 

10 - 

0 

2 

5 
3 


Bra . 

4 
3 
0 
0 
6 

5 
3 


50 | 52 


Civil archi- 
tecture. 


is 


Bra. 


Bra, 

% 

t 

9 


A 

7 

10 


2 
15 

1 

4 ? : 3 

2 

} 11 
1 


2 1. 


Total. 


THIRD YEAR. 

General electro technics, TT 

River hydraulics 

Construction of bridges and maritime works 

Road and railroad (instruction 

Practical railroad engineering 

Practical architecture 

Topography, II 

Aural economics and valuation 

Construction of thermal and hydraulic motors, II 

Mechanical technology. Ill 

Q Chemical technology of paper making 
Industrial plants ’ 


'■'/'I 


Applied mechanics. , 

Electrochemistry 

Physical chemistry. ] “ ‘ ‘ 

Technological chemistry, II 


Technological chemistry (supplementary course). 
Exerdses In technological chemistry 


Applications of oils, fids, and dyes- . . . 
MafciiDtry of technological chemistry. 


* I 

7 l 

9 , 

2 ; 
2 I 


4 

7 

13 

2 

2 


‘ faohxUng Shoura of exerdees obligatory only to those students who specialise tn electrical 
1 Ten entfOTdays are taken for practical work hi topography. For the of uniformity 
mate equivalent In semester hours is given above. 3 


engineering.,, 
an approri- 


L 
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Cbwvst o/ ipMtaiiurf — Hour? per week — Continued. 



Practical work . — The number of semester hours Aligned for prac- 
tical Work is not given separately, but is included in tho total time 
as stated in the foregoing tables. Tho proportion of practical exer- 
cises to the total time is expressed by tho following percentages, 
which are averages for tho throe depar tmen thr oated : For tho first 
year, 60 per cent for both semesters; for tho^ffeond year, 57 and 65 
per cent for the firet and second semesters, respectively ; for the third 
year, 69 per cent for both semesters. The following diagram gives a 
graphic presentation of tho same proportions. 



Diaomam 4.— Proportion ol pr»ctkml work to total time, Hlfber Ttcte 
.. nteimaUtateonUbn. 


Optional studies. — In. all departments a number of additional 
courses are offered as optional. These courses, while not absolutely 
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indispensable to the professional education of the students, are 
nevertheless recommended as helpful for general or special develop- 
ment. 

The optional studies which are offered only in the second and third 
years, are distributed by departments and semesters as follows : 

Optional stiuhs* — Hours per week. 


Subjects. 


Department of civil engfbeering: 

Hygiene applied to engineering 

History of architecture 

Higher analysfc 

Department of industrial engineering: 
H^^faneaj^dM to engineering 

Technology of leatjjermtfch 

Electric service* lor mines 

Department of dviJ architecture: 

Medieval archeology 

institute of eledrotechnin: 


Electrochemistry 

Physical chemistry .: 

Electric sen* low far mines . 


Second year. 


First Second 


Third ] 


First Second 


£ penalized courses for electrical engineers . — Students desiring to 
specialize jn electrical engineering are offered a number of courses 
in the separate institute of electrotec hnica (Iatituzione elettro- 
tecnica), but closely related with the department of industrial 
engineering which corresponds to that of mechanical engineering in 
other countries. r \ 

Hie electrotechnical couffies/cover one year and are arranged as 
follows: \ 

Klrrtro trch n u^/Vj urut — Honrs per week. 


• 

Semester boon. 

* Subjects. 

First 
sc master 

Second 

•emeater. 

General elect rotech pies 1 

2 

3 

Electric plants and electric measurements ... .. 

10 

g 

U 

g 

Electrical technolop 

Electric machines (oonBl ruction and teats) 

3 

3 

Electric plants (applications) 

1 

] 




AUXILIARY ESTABLISHMENTS. 


The auxiliary establishments, to which reference has already been 
made, not only afford opportunity for the students of the technical 
school to pursue intensively certain specialties and to extend their 
general researches, but they are also open to other classes of students 
who meet the entrance requirements, and they serve in various ways 
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the interests of expert* and manufacturers concerned in their re- 
spective specialties. These associated institutes are as follows: 

Carlo ErUa Electro-Technical Institute. 

School of EWctnM'hemiBtry. 

R. Suiione 6perimei>Ule per r Induatria dull* C*n* e lo Studio delie Fibrv Ti*«wli 
in Milano. / 

Sruola l^aboratorio o Stanone Sperimenude j>er Flnduiaria d«*^li Olt o dei lira**!. 

The purpose of the first two associate institutes is nutliriontl v 
indicated by their titles. 

The purpose of the R. Stazione Sperimentale per llndustria della 
Carta e lo Studio dell© Fibre Tessili in Milano is to promote experi- 
mental researches in respect to problems relating to the paper industry 
and products employed as textile fibers, and to publish the results of 
these researches; to publish the results of similar i n v cstiga t ions and 
the application of new methods and processes which are proposed for 
tho paper industry when they are recognized as really useful; to 
study tho use of" new materials, indicating their utilization and their 
value; to make chemical and microscopic analyses of the principal 
materials and the products of the paper industry, and the industry of 
textile fibers; to furnish advice and theoretical and practical in.-* mic- 
tion to manufacturers and operatives; to supply statistical reports 
regarding the commerce and economy of the paper industry, the use 
of textile fibers, efc. In furtherance of its broad, purposes, manu- 
facturers and operators are encouraged to make free use of the equip- 
ments of the station. Courses of instruction adapted to operatives 
are maintained, and public lectures on the progress of the paper 
industry and of thtyitudies of textile fibers. The station also conducts 
analyses and gives valuations in reference to its specialties for the use 
of Government officials and private individuals. 

The Scuola Lahoratorio o Stazione Sperimentale per llndustria 
degli 01! e dei Grassi, as its name indicates, affords special facilities for 
studies and practical investigations regarding the industry of oils, 
fats, ether oils, perfumes, colors, and varnishes. The laboratory also 
publishes the results of all recent discoveries and inventions relating 
to its specialty and makes analyses and estimates for those interested 
in the industries of oils and fats.. 

The .Scuola Lahoratorio e Stazione ’ imentnle per I’lndustria 
degli Oil e dei Grassi is divided into two sections: The section of opera- 
tives and the section for those seeking t he position of chemioa) director. 
Each section has a two yeire 1 course— one of preparatory work and one 
of application. Admission to the first section is free and open to all 
operatives who have passed the examination of the third elementary 
year, yr ho have .worked at least one year in an establishment, and who 
haye reached the age of 17. To be admitted to the second section, 
fhe applicant must, be l7 years old and have the licema Uchnica or 
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yifinasiak, or some other equivalent title, and give proof of having 
worked for one year in an establishment. Those having the laurM 
in chemistry aud industrial engineers may be admitted immediately 
in the second year. 

EXAMINATIONS. * 

Examinations hold an important place in the general scheme of 
higher technical education. They 'comprise both oral and written 
exercises, and include graphic work and structural plans according to 
materials designated. The ability of students to continue in the 
course is tested by annual examinations, and students who fail to 
receivers mark of at least 00 pet cent are obliged to repeat the course 
m the subjects in which they art' weak, although they ruav be regia- 
Cored as regular student* iu the following year’s course. As a rule a 
student can not repeat a year s course in any subject more than once 
ami must pay the fee for special examination in every subject in 
which he was deficient. At the end of the third year, student* *ho 
have successfully passed all the prescribed annual examinations are 
eligible for the examination for the laurea (doctors diploma). 
Students rejected at this examination have the privilege of repeating 
it in the Dot ember session of the same year by paying the supertax 
of 50 lire. 1 hose who fail in that session can not present# themselves 
again until the close of the following scholastic session when they 
must again pay the supertax. No one is permitted to attempt the 
examination for the laurea more than three times. 

1 h(\ laurea is conferred for the following courses; Engineering, 
architecture, physic*, chemistry, and natural sciences. 

Students of the normal section who have passed the required exami- I 
nations receive the eertitirateof pedagogic ability, carrymg'niention of 
physical, chemical, or natural sciences, according to the course 
followed. 

Special diplomas are also conferred by the associated institutes. 

FINANCIAL SUPPORT. 

During the year 1911-12 (the latest year for which figures are 
available) the State contributed the sum of 277,600 lire ($53,576.80) I 

for the maintenance of the main' institution and 75,000 Jin* ($14,175) 
for the purchase of materials. The' Carlo Erha Elwtro- Technical j 

Jnstitute is supported by an endowment fund of 100,000 lire ($77,200), l 

bequeathed by the famous engineer, Carlo Erha. ‘ The School of f 
Electro-Chemistry is endowed by the (Vssa di Risparmio (savings I 

bank) delle Provincie Lombardi with a capital of 300,000 lire ($57,900) S 

of which 50,000 lire ($9,650) w'as set aside to be used in establishing 1 
the plant and institute, and the remaining 250,000 lire ($48,250) was j 
destined to .support the institution. 
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H»e R. Staaone Sperimentale per 1’Industria della. Carta is under 
the control of the minister of agriculture, industry, and commerce. 
Tb« following are its sources of income: The minister of agriculture 
industry, and commerce, 8,000 lire ($1,544) annually; Commune „f 
Milan, 4,000 lire ($7,72) annually; Societa Umanitaria di Milano, 
1,000 lire ($193) annually; Chamber of Commerce of Milan, 21, twin 
lire ($4,053) annually; Province of Milan, 1,000 lire ($193) annually. 
The R. IstituU) Tocnico Superioro contributes the ground on which 
the factop? stands, and provides for the maintenance of the rooms, 
illumination, heating, and supply of water. 

Faculty , ttudrr t/j, ond jinancr* * of thr t/tMnicol xniUtahons . 
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ORGANIZATION OF HIGHER TECHNICAL EDUCATION. 

Higher technical education iji Austria is provide*] bv so von higher 
technical schools (Tochniacho llochschulcu), which are remarkahly 
uniform in regard to administration, programs of instruction, and 
internal regulations. The main facts and figures relating to thme 
schools arc comprised in the table on page 75. 

Adminutroftori. -Higher technical schools pertain to the ministry 
of education. The State contribute liberally to the maintenance 
of thwo institutions, but does not interfere with tt^eir ad minis tra- 
tion, which is exercised by the ‘college of professors” under the 
presidency of the roctoc^ The college consists of all the ordinary 
and extraordinary prefect* of the school and several delegatee repre- 
senting the private docents. jThe rector is elected by the college from 
the number of ordinary proftesors for one school year. The retiring 
rector, called "proroctor," retains certain vestiges of authority; for 
example, he fills the .office of rector in thft uliaence of the latter. 

Similar administration ls provided for each department of the 
school ; the professors of 1 he department form a ‘NleparUnental college 
i>f profiwsors and elect a clean as tlndr provident for one school year. 

Besides the ordinary and extraordinary professors, the schools 
employ private And honorary docents and lectors, the latter tide 
being usually applied' to instructors of foreign languages. There 
are also assistants to an! the regular professors in their work and 
adjuncts to assist in experiment* and demonstrations. The pro- 
fessors are appointed by the Emperor, upon the recommendation of 
the minister of education. The private docents and adjuncts are 
appointed by the minister himself. 

Adiuis&ioTk- The certificate of inotiif'ily } showing the 

completion of tho course of a gymnasium, a real school, a real 
gymnasium, or a reformed real gymnasium, is necessary for admis- 
sion to higher technical schools. Graduates of classical gymnasia 
are required to give proof, of adequate training in drawing, both 
geometrical and freehand. 

No matriculation examinations are held in the higher institutions, 
but secondary schools admit ex terns to. tho maturity examinations, 
and if they pass give them certificates identical with those awarded 
to their own pupils. 

Auditors and guests may be admitted to single lectures or a course 
of lectures without proof of secondary education. 

Foreigners aro admitted as students or auditors upon the authorisa- 
tion of the dean of the respective department or^of a special oom-* 
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mittee of admission; questions arising as to the value of foreign 
certificates presented by candidates are decided by the minister 
of education. . ! ‘ 


* 


PROGRAMS AND METHODS OP INSTRUCTION. 


Instruction.-- The courses of instruction in most of the depart- 
ments are of four yeare' duration. In architecture, however, they 
cover generally five years. There are also short courses for sur- 
veyors and insurance experts. 

Programs and methods of instruction are very similar in all the 
schools here considered. All have departments of mechanical and 
structural engineering; with one exception all have departments of 
chemical engineering, and all but two are provided with depart- 
ments of architectural engineering. A 'general department is also 
a common feature. Electrical engineering, agriculture, “kultUr" 
engineering, hydraulic ©n'gineering, and geodetic&l engineering are 
each offei*ed in one school. 

The general system of instruction closely approaches the German 
system, as analyzed in the case of the Charlottonburg school. All 
the Austrian schools have ample facilities for practical work; all 
employ specialists teaching highly differentiated subjects; and all 
assign coasiderable time to practical instruction. 

At the end of the second year the students are required to euhmit 
to the first State examination. The second State examination is 
held at the ©Ad of the last year. Frequent examinations in single 
subjects are hold during the course. 

Dmgvage of instruction . — The language of instruction in four out 
of the seven higher technical schools in Austria is German; in the 
L&nberg school the instruction is in Polish; BrOnn and Prague have 
each two higher technical schools, the language of instruction being 
Bohemian in one of the schools and German in the other. 

Degree , —The degree conferred in all the technical departments 
" w that of doctor of technical sciences (Dr. tcchn.). It is awarded 
to those who, after the completion of tho full prescribed course, in 
one selected depai^roent, present a thesis on a scientific subject and 
pass the final examination (rigorosum). Instead of a scientific 
thesis, a construction design may be accepted, if accompanied by 
technical description and a scientific motivation, showing the author's 
ability for independent work. 

Length of the school year . —The school year begins the firet of October 
and doses' at t)ie end of July. ^ 

The vacations amount to 99 days, or a little over 14 weeks. The 
dchbel year comprises, therefore, approximately 38 weeks. 1 This 
time is divided into two semesters, winter and summer; the tonner 
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RUSSIA. 



INTRODUCTION. 

Qeneral features . — Higher technical education in Russia is provided 
in polytechnic institutes offering instruction in all recognized branches 
of engineering science, and special institutions devoted to the teach- 
ing of one selected branch with a view of preparing highly specialized 
9 ^ ®ngiheex*8 for positions in Government service or industries. There 

are also three schools of 'intermediate type, termed technological 
institutes, which offer two departments, mechanical and chemical, 
arid are in their essential features but incomplete polytechnic insti- 
tutes. 

The organization of the Russian polytechnic* institutes presents 
few distinctive traits, while that of special technical schools requires 
more particular consideration. 

Technical education in. Russia is under feeveral different ministries, 
each having absolute control of its own province. The ministry of 
public instruction controls many technical schools, but those under 
other ministries are by no means unimportant. The department of 
agriculture alone disburses for its agricultural schools a larger sum 
than that expended 'by the ministry of public instruction for all 
technical schools under its control. The ministry of commerce and 
industry controls a number of polytechnic institutes and schools of 
commerce. The grouping of these several classes according to the 
respective ministries responsible for their supervision and mainte- 
nance is shown in the table appended to this section, page 91. 

PREPARATORY EDUCATION. 


Standard of preparation .— Notwithstanding the divergency of ' 
i administrative systems and programs, all Russian technical schools 

of the higher order have certain common features. Among these are 
the admission requirements, which are essentially the same whether 
for polytechnic institutes or special institutions for any branch. The 
standard of these requirements is the full course of a gymnasium with 
v . eight classes. Diplomas of other secondary schools are^honored if" 
they represent an aidount of work equal to the gymnasium course. 
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Gymnasiums and real schools.— Hi# section, on Onjunj gjygg i 
detailed account of the three representative types of secondary edu- 
cation in that country: The gy mn as iu m, the realgymnaaium, and the 

ober” real school. The Russian secondary schools present, mutatis 
mutandis, a fair copy of the corresponding German institutions. All 
Russian real schools are “ober,” since they are all equipped with tl>« 
seventh v class, The German realgymnaaium finds a‘ parallel 
Russian' reformed gymnasium established by the decree of 1902. 
Intermediate between the ultraclassical and the reformed gymnasi- 
ums is the type of 1905, which limits the time given to Latin and Greek 
and introduces intensified modern language study and natural 
science. 

The amount of knowledge represented by diplomas of the secondary 
schools enumerated is a well-known educational quantum, and Rus- 
sian graduates hold their own in any test or comparison with western 
European graduates of similar institutions. 

Gymnasiums and real schools are all controlled by the ministry of 
public instruction. 1 As regards the other secondary schools whpse 
diplomas are recognized for admission to higher technical institutions, 
they require, owing to their multiplicity and differences of scope 
and organization, a more detailed presentation. 

Secondary technical schools . — The secondary schools above con- 
sidered pertain to general education. All other secondary schools 
are termed technical and fall under the cdfitrol of different ministries 
according to their special character. This presentation will be limited 
to those that serve -as feeders for places of higher technical education. 

The secondary technical schools of the ministry of public instruction 
have a four-year course which was originally designed to give a com- 
plete technical education of .a lower degree than that of higher .techr 
nical schools. The original regulations required for admission to * 
secondary technical schools the completion of five classes of a real 
school. Since, however* very few realists took advantage of this 
opportunity, preferring to complete the real school course and then 
enter the higher technical schools, the secondary technical schools 
were compelled to disregard the rule and to lowqr their admission 
requirements so as to admit pupils from two-class elementary schools 
and even persons without any schpol education, but having practical 
experience in factory work. There are five types of secondary tech- 
nical schools under the control of the ministry of public instruction, 
respectively: (1) Mechanico-technical, <2) chpmioo- technical, (3) tech- 
nical school of architecture, (4) technical school of rural economy 
(agriculture), and (5) technical school ol mines. 

i With tt» UMptfen rf •onto far gferlc controOtd by the board otbMCttatfcns «f Zmpnm K*?. 


WF&T-' 


is 


'higher TBOH^TOAL' education. 


Ourricula of the technical schools . — The following tables give the 
respective curricula of the five divisions. Before passiijg over to the 
tabular fonti of their presentation, it must bo mentioned that the* 
secondary technical schools, as here treated, are now regarded as a 
transient type, and a very stronffmovement is on foot to develop a 
new kind of technical school comutfung tho features of the existing 
lower and secondary technical schools and equaling in scope the real 
or the commercial schools. This movement is an outcome of the 
precarious position in^which the existing secondary technical schools 
have been placet! by the want of definite admission rules already 
referred to. m ' 

Curriculum of the $ccondary technical tchoolc — I lour » per week. 


Subjects of instruction. 


Religion 

Mathematic* 

Natural history 

Physics 

Chemistry 

Mechanics 

Machine oonstrurtlcti 

Mechanical productions 

Chemical production. . . . . 

Architecture 

$uf vaytuF a ad leveling 

Cocnmsdji geography and 

; MnWpondenw 

Uw jU 


Mechaulro-tochmcal 

school. 


Total. 


Ora wing subjects: 

Geonwtnoal drawing.’.. 

Technical drawing 

Architectural drawing . , 
Drawing, freehand 


Total. 


Practical work In the— 
MedpniOBl workshops.. . 

Chemical laboratory . . . . 
Tochnoohecnieal wotiu 
shop* 


Total 

Grand total Of hours. , 


(lasses. 


(hemlco- technical 
- school. 


Total. | 1 


8 I 

7! 

10 

It 

s 

3 

3 


3 ft 


Classes. 


Total. 1 


School rtf architecture. 


Classes, 


‘2 1 . 

3 


4 ( 1 1 1 1 

3 :l j 3 


...1 

> 


■ Tote!, 


ft 

ft 

10 

4 

. 3 

. 14 | 

3 


:t 

2 .. .I 

Sr ,1 


4 t<.. 

2 .... 


V 

28 

28 

AS 

156 


42 


42 


10 

ft. 

33 

■a 


On 


-*• 
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Oumcuiwwi of the teeoruiary technical «o hoot*- — Hourt p<r tw»a^-^<)iitiiiu<>d. 


Technic*] School of Rural Kcooomy. 


Subjects of instruction. 


Roli^ion 

Physics and meteorology. . 
Natur*] history and ento- 
mology 

General and agricultural 

chemistry . 

Technology of agriculture. 
Architecture as applied to 

/ agriculture r 

Agriculture, general and 

special 

Management of cattle 

Implements and machines 
ofhuabai 


f husbandry. 
Agricultural economy uul 

bookkeeping 

Shrveylng and leveling' .. 
Law 4.. 


Total. 


Drawing subjects: ' 

Instrumental drawing 
Freehand drawing . , . 


Classes. 

1 2 3 I 4 Total. 


*i 1 


Total. 


Practical work in the — 
Chemical latmr&tory . . 
Tech no'chemlcal 
hops or tacto- 


Total 

Grand total of hours . 


.. .1 2 

4 j 2 


2 | $ 
3j 2 

*|« 
3 i 3 
2 


« * 


42 42 


2 

2 

• 2 


10 


■Technical School of Mining. 


i j _ Classes. 

Subjects of instruction. — 

I 1 


Matfiematfcs ! 3 

PhyMca.. 3 

Natural history . .- ; 3 

Chemistry : .j 3 

Mechanics 5 

Machine oonstrucUon . . . 

Mining 

Metallurgy and the tech- 
nology of metals 

Chemical production 

Mine surveying 

Bookkeeping mid corre- 
spondence 

La « 


Total. 


Drawing subjects: 

Instrumental drawing 
Freehand drawing 


Total. 


a | 24 

r 

12 ! M 


AO 

108 


Practical work in the— 
Chemi caf laboratory . 
Techno-chemical 
workshops or Iso 
torlCS 


Total 

Grand total ot hours . 


2 j*4 
4 I 2 


6 I 8 ’ 6 


10 j 10 


18 I I8"Tl8 

TTfsTilT 


Total. 


4 
0 
0 

5 

9 
7 
4 
4 

10 
a 
2 

4 

2 


18 

0 


24 

48 


72 

W7 


Aside from tho technical schools of the above type, characterized 
by a strongly practical bias, there are other secondary technical 
schools combining special education with general. Of the latter 
type, two schoolj* havn gained special .recognition as exceptionally 
efficient and well organized. They are: L6'di Technical School and 
Komissarov Technical School at Moscow. 

CoTfiTnerciol schools . — Admission to higher technical institutions j 
is also open to graduates of numerous other schools of secondary/ 
oj*der, such a& agricultural schools, commercial, schools, cadet corp^ 
theological seminaries, teachers’ institutes, etc: Among these of 
most importance aro commercial schools controlled by the ministry 
of finance. These schools have jeither seven classes, giving a complete % 
secondary education of general and commercial character, or they 
have only the three upper classes, with a strictly specid course of 
instruction. While many of the graduates of the commercial schools 
engage directly in business, or enter mgher schools of commerce, 
there is always a considerable percents y of those who choose the * 
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engineering career and^rieek admission to technical colleges and 
polytechnics. 

r * Entrance examinations . — Almost all higher technical schools in 
Russia require, in addition to certificates of secondary education, 
proof of intellectual attainment in the form of entrance examination. . 
In some of the schools it is simply an examination in special subjects, 
‘such as physics, mathematics, and drawing. In other schools there 
are elaborate examinations, and admission can hardly be secured 
by any but the ablest and best educated young men. Recently 
university graduates, especially those of the physico-mathematical 
faculty, have been attracted in large numbers to the best technological 
institutes, where they are accepted without Examination. The cause 
of this movement is seen in the prospects of important careers offered 
by some technological institutes, Ach as tho Institute of Engineers 
of Ways of Communication, the Mining Institute, etc. The appear- 
ance of university graduates as competitors for admission to higher 
technical schools has furthe* reduced "the chances of graduates of 
secondary schools. It also tends to make the entranco examinations 
more difficult. . .. 

On the whole, the tendency on the pari of Russian higher technical 
schools is rather to obstruct tho entrance of young men seeking 
admission than to solicit for students, as is tho case in countries 
where private institutions prevail. Two underlying facte explain 
this peculiar situation of Russian higher technical schools/ The firet 
is the im^equacy of the number of schools to the demand of Russian 
industries, with the result that more young men seek higher technical 
education than the schools can accommodate; taking advantage of 
this fact the schools *aceord Admission to the choicest groups of 
students, preferably to university graduates, in this way raising the 
intellectual level of their student body.' The other' cause of rigid 
admission requirements lies in the specific purposes of Russian higher 
technical schools. A majority of these schools were established 
by the Government to meet* suddenly created demands for engineers 
m .this or that branch of industry, commerce, or transportation. 

yfiiey are all State supported or State aided, and the Government 
does not hesitate ''at heavy expenditures connected with the main- 
tenance of old schools and' establishment of new ones; But, on the 
other hand, it takes careful measures to obtain from the graduates 
a fair ‘return to thp country by work in native industries. This 
cenridwation e^lains the faci that many Russian higher technical 
»<to)ols refuseadmise^ tofoxeigners; inany havectauses hjndin^ the 
students to serve in Government positions a ceriainminimum period 
ttter the gradual m;iu all the schools jtcademical degrees convey 
high civil ranks. There is also an evident purpose to insure 
that 1 the student body shall be/ recruited chiefly from the Russian 
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population. Most of the schools limit the percentage of Jewish, 
and one school even the percentage of Polish, students, ^hile all 
require that candidates for admission shall give proof of loyalty 
to the Government-.' 

ORGANIZATION OF HIGHER TECHNICAL EDUCATION.* 

Administration .-— All educational institutions in Russia are under 
close control of the Central Government, which dictates their statutes, 
curricula, rules, and regulations *of discipline. This control is exer- 
cised by the Government through tho‘ channels of several ministries 
As a rule, general education converges in the' ministry of public 
instruction, while the different branches of technical education are 
under the control of other ministries. . All higher educational insti- < ? 
tutions in ltiissia arc State supported; in some cases, however, they 
are aided by local contributions. - 

The internal administration of higher technical schools is In th<T, 
main features uniform, irrespective of ministry affiliations. It je 
exercised hv a council of professors under tho presidency of a chief 
officer whose official title is “rector” in some schools and “director” 
in others. Me is elected by the faculty of professors and must be a 
professor himself. His election is subject to the approval of th# 
Emperor. A vice director supervises the instruction. Business 
management of tho institution is intrusted to a. business committee * 
presided over ex officio by the .rector. The business committee is 
also elected. Slight deviations from this system are allowed in some 
of the schools, to meet certain local or special needs and conditions. 
For instance, in the administration of tho Ekateriuoslav Higher 
Sohool of Mines, local manufacturers are given voice as members of 
the school council; to this end, tho statute of the institution provides 
for the participation in the council ef four representatives .of, the 
Association of South Russian Mine and Snielter Industries and of 
the chief of mining administration for South RuiSiia. v 1 J ' 
Instruction. In the highest special technological institulSthecourse 
of instruction covers frrtm five to seven years, In polytechnic insti- 
tutes it is generally four years, and in one case, namely, that of the 
Riga Polytechnic Institute,- a commercial course of three years’ duro- 
tion is offered. The instruction is partly theoretical, partly practical? 
The latter side of tho training Js given marked em phasis in Russia. 

In most of the schools regular programs include excursions to and 
practical work in factories, railroads, and mines, while some others 
are lavishly equipped with cabinet, laboratories, and .experimental 
.shops. Special interest attaches in; this .connection to the Imperial; 

1 Aocordin* to rtoe nt prws advkws, the revolutionary Russian Government has reodifcfed *il 
Uqv, pertaining to nationality, for ad minion to educational hMtttutioni of ovary dam, 
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Technical School of Moscow, which maintains great machine shops 
conducted <m -a commercial basis, in which students roceive their 
‘practical training. 

The allotment of time between the theoretical and the practical 
instruction is not regulated by any uniform system. It seems that 
in Russia this question is in its experimental stage, just as it is Jn 
other countries. There aro schools embodying cither one or the 
other extreme view in the matter; in some the practical and the 
theoretical instructions are closely interwoven throughout the 
course, while in others whole semesters are given to practical work* 
entirely. An example of the latter typo Is the Moscow High School 
of Engineering (different from the Moscow school mentioned above), 
fn which two years aro devoted to practical work exclusively.' 

Degrees. Sy the successful passage of the leaving examination 
the student generally qualifies for a degree. The degrees in engi- 
neering conveyed by the Russian institutions are the following: 
Engineer-technologist, electrical engineer, engineer-architect, engi- 
neer of metallurgy, engineer of way* of communication, construction 
engineer, and agronomist. PostgradiMite study end presentation of 
some original work lead to* the degree of ‘.Teamed engineer-tech- 
nologist.” 4 

Number of schools . — There are novs\ in Russia lf> higher technical 
schools , follows : . \ 

Five ^Wytwhnic institutes under the ministry of public instruc- 
tion, located, respectively, in Petrograd, Moscow, Kharkof, Riga, and 
Tomsk. 

Throe polytechnic institutes under the ministry of finance, in 
Kitjf, Warsaw, and Petrograd. , 

Two mining institutes under the ministry of finance, in Petrograd 
and Ekaterinoslav. 

Two engineering institutes under the ministry of ways of corry 
cation, in Petrograd and Moscow. 

( One institute of electrical engineering pertaining to the ministry of 
the interior, in Petrograd* 

One institute of civil engineering under the ministry of the inte- 
rior, in Petrograd. ’ f 

Two higher technical schools have been established recently but 
are not included in this presentation. They are: Polytechnic Insti- 
tute of the Don, located in Novotcherkassk, established in 1907, and 
Pojy technic Courses for Women &t Petrograd,* opened in January, 
1906* No official account oFth§se twojnstitutions is yet available* 
"All particulars pertaining to the 14 institutions enumerated above 
are patented in tabular form in the appendix to this section. *v 
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INSTITUTE OF ENGINEERS OF WATS OF COMMUNICATION. 

(W«t InteKferoT PnOtJ SotUMJi.) 

Ilistory and object of the institution. -^The Institute of Engineers of 
Ways of Communication was established in 1S01J, originally as a 
school of military engineers, organized along the lines of the famous 
French, institution, “£cole dos pouts et chauss6cs. M The lir»t pro- 
fttisors of The institute were French engineers, former prohwsors or 
graduates of the French school; the instruction was, in French, and 
the military organisation remained in force until 1864. /Die original 
purpose of the institute was to prepare engineer for the army service, 
and tho^tudenta were promo tod during the course through successive 
military grades, until finally they were graduated as second lieuten- 
ants and passed from the school directly into sen' ice in the engi- 
neering branch of the army. Tluvreform of lSG-U abolished the 
'^military organization of the institut^and made its distinct purpose 
the training of civil engineers specializing in roads and waterways. 
The present statuto regulating the school has been in force since 1800. 

Adihinistratum. — The administration of the institute is vested in 
the council of the institute under the presidency of the director. An 
inspector is charged with the enforcement of discipline. The council 
decides in matters of lesser importance, pertaining to temporary 
measures and regulations, program of studies, conduct of practical 
work, etc.; in questions of greater consequence tho council submit 
its opinion to the minister of- ways of communication who is ultimate 
authority in tho administration of the institute. The financial affairs 
of the ins^tuto tire in charge of a special committee of finance, wliich 
also consists of professors. ' K 

Sources of maintenance , and tuition.-— Tho institute is maintained 
entirely by theG<Tvcmmeiit> blowing to comparatively high tuition 
foes (50 rublefe per semester) nearly one-half of thp expenditure is cov- 
ered from the latter source' In 1912 the State provision for the insti- 
tute was 168,240 rubles; the students' fees amounted to 126,000 
rubles. The number of students at that time was 1,207. There is a 
provision for free schplarships and board for 50 students; the funds 
fyr this purpose aro furnished by railroads and private citizens. The 
wtal amount of scholarship funds is 250,000 rubles. The students 
who are granted free scholarships must sign a pledge to serve in Gov- 
ernment positions one and a half years for each year of scholarship, n 

Degree . — The leaving examination leads to the degree of ^engineer 
of wayB of communication.” By virtue of this 'degree the graduate 
acquires the civil rank of tenth or twelfth class, according to his suc- 
cess in the examination. ^The best 'graduates may/ after two years of 
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practice , .become attached to the institute in the capacity of aspirants 
for the position of instructor. As such they receive fr& board and 
means of study. In each individual case, however, the sanction of 
the minister of ways of communication is necessary. The examina- 
tion for the position of adjunct may take place in two years after 
graduation, and includes a report 4 on practical work in which the 
graduate has been engaged since he left the institute, an oral exami- 
nation, a thesis, and two trial lessons. 

Admission rfquiremnUs , — The candidates for admission must pre- 
sent a certificate of maturity and submit to a competitive exami- 
nation in algebra, arithmetic, geometry, trigonometry, physics, 
drawing, Russian language, anil one foreign language. University 
graduates are accepted without examination and have precedence 
pf all other candidates: University graduates of the physico-maflie- 

matical faculty may ho admitted to the second or the third year after 
passing an appropriate examination. How these admission rule; 
operate to sift the enormous numbers of candidates, with the view W 
selecting the most promising, may be inferred from the fact that often 
fully half the candidates fail to pass the tests and that ‘only a part of 
the remaining half is accepted; among those refused admission often 
are students of groat ability, as is shown by averago'ratingsr received 
by them in the examination, often reaching 4,5 and over, or 90 and 
over by the centenary system. 

As a rule, foreigners are not admitted to the institute but except 
tions are made upon the recommendation of the minister of ways of 
pommunication. 

Curriculum. The program of studies covers fivo years and includes 
class study and practical work in laboratories, shops, etc. Tho sub- 
jects of class instruction are the following: 


fimt ma. « 

1. % Religion. 

2. Higher mathematic*. 

3. Elements of mechanics. 

4. Descriptive geometry, 

5. Physics. 

6. Chemistry. 

7. Geodesy. 

5. Architecture. 

9. Foreign languages: French, German, 
and English. 

SECOND Till. 

~ I. Religion. 

2. Higher mathematics. 

. 3. Theoretical mechanics. 

' 4. fSoDstnictbnal mechanics. 

3. Graphical statics. 9 


second ykab' — continued 

6, Architecture. 

7, Construction. 

3. Higher geodesy. , -* 

9. Descriptive geometry. 

10. Geology and physical geography. 

11. Physics. 

12. Foreign languages: French, German, 

and English (optional). 

THI«D YEAH. 

1. Railroads. 

2. Roads. 

3. Steam engines. 

4. General principles of machine con- 

struction. 

5. Architecture (including heating and 

ventilation). 
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nmu> Tiii — continued 

6. IJlectrotechnic*. 

7 . Hydraulics. 

8. Constructional mechanics. 

#. Theoretical mechanics. 

10. Technolu^y of building materials. 

11. Manufacture of mettle . 

12. Political economy and statistics 

FOURTH TRAB 

1. Railroad*. 

2. Waterways! 

3 . Bridges. 

4 . Constructional mechanics. 


for am tlu — continued . 

5 . Harbor construction*. 

6. Locomotive*. 

7 . Lifting machine* 

8. Drainage and irrigation, 
y. Iiy'drluhc motor*. 

10. W *ter supply and sewerage. 

11. Electrotech nice and power tranamis- 

non for distance. ( 

fifth tea's. 

1 < Operation of railroad*. 

2. Geology of Russia 


Phacthui. Work of iStudrnts 
S hoving numUvr ol tasks to be porfnrnwd by *&< h *tu<lenl. 


first tear. 

Drawing: 

Geometrical and technical 8 

Topographical 3 

Plain / 7 

SECOND YEAR. 


Exorcises relating ti>— 

< instructional mechanics 2 

Graphical statics l 

Consthictiooal art* 2 

Projectional drawing . l 

Architectural drawftig 2 

Plain drawing 3 


THIRD YKAK. 

Exercisffl relating to — 


Givil architecture 2 

"Preparation of esUmau*. . . v . . . 1 

( onstructionjd mechanics 2 


FOURTH YEAR., 


Architectural projects Givi! rail- 
road construction with complex 

metal coverings * . . \ 

Exercises relating uv 

nridgea 1 

Waterways \ 

Hydrauiics \ 

Locomotives j 

Water supply aid sewerage, or 
. electrotechnics 1 

FIFTH YKAR. 

Preparation of project* in: 

1 Bridges j 

2 Railroads, or water supply 

and sewerage 1 

3 . Waterways and haybor con- 

strue lions | „ 

4. I*ractical mechanics * - j 


Refottionb. 


FIRST TEAR. 

, RepeiiUoub. 


Higher mathematics 6 

-Theoretical mechanics 4 

Geodesy.. .... t .\; 3 

Descriptive geonWttry , 3 

8 BOON D TRAJR. 

Higher mathematics. 4 

Theoretical mechanic* 3 

Constructional mechanics 2 

Graphical static*. 2 


second tear— continued. 

KftpetJlioiu. 


Petrography l 

Gonstructional art* * \ 

third year. 

Theoretical mechanics 2 

Steam engines 1 


^-Constructional mechanic 1 

Hydraulics j 

Electrotechnics . j 


fourth Year. 






KIGHKfc TECBrtrtCAt EDUCATION. 



Laboratory work. — The laboratories attached to the institute are: 
Mechanical, chemical, and physical. 

The mechanical laboratory is used mainly for testing structural 
materials: Cement, iron, wood, and stone. The work done in this 
laboratory, besides being. of educational importance to the students 
of the institute, serves the interests .of the native industries, ami 
transportation, since teste are made here of samples of constructional 
materials supplied from all parts of Russia. This part of the labors- 
tory's activity is described more fully under a separate heading* 

The chemical laboratory is utilized for practical occupations in 
general chemistry, especially by students of the first year; it is also 
used for chemical tests of constructional materials. The students 
of the advanced classes do optional work in the laboratory in quali- 
tative analysis and technical quantitative analysis of constructional 
materials. 


The physical laboratory furnishes the means of practice instruc- 
tion in physics to the students of the second year, in connection with ' 
their theoretical study of physics; special emphasis is placed on 
heat, light, and electricity. 

Summer oecupalioas of students.— AH students of the fourth and 
the fifth years, and part of the students of the first three years, an' 
sent after the close of the spring examinations* to different construc- 
tional works for praKice. 

■- The following work is included in the program of summer occu- 

pations: (1) Railroads: Research work, . construction,, and operu- 
tion; (2) roads; (3) waterways; (4) harbor construction; (5) machine 
plants and shops; (6) different kinds of governmental road-building 
works conducted under the ministry of ways of communication. 

The students of the lower classes who do not take part in the abtfve ■ 
summer occupations are engaged during a p&rt.of th^ Summer 
vacation in topographical exercises, astronomical and faydrometricol 
observations, and boring of artesian wells. ^ 

L Tests of constructional materials . — The mechanical laboratory of 

the institute, established in 1856, wa&deeCmed to play an important 
part in the- development o( Russia!) transportation and industries. 
For a long time it was the only place in Russia where constructional 
materials, both imported and produced by home industries, could 
be tested with any degree of reliability. Some of tfie finest bridges 
in Russia are made of materials tested in the institute laboratory. 
The wider activity of tte laboratory in this fiefd dates from 1877, 

Jpj when, owing to luge^ unportataon into Russia at foreign building 

materials ©specially of Bn^b oeinent, it/ was found necessary do j 
j enlarge pie facilities of the laboratory by the purchase of modem 
machinery. ■ During the folio wing yeara a series of appropriations 

»titfa^bry 

Jl 
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Th« laboratory has participated in several international con- 
grcBaee on methods of testing building materials. It arranges public 
testa with the view of impressing uj>ori those interested facta bear- 
ing upon the relative value of building materials. A series of such 
testa conducted in 1891-1898 promoted the introduction and spread 
of reinforced concrete const met ions in Russia. c 
Other la bora tori t* and rquifmcnt. —The institute pocKce&es a well- 
equipped museum, a library of 70,000 volumes, and a photographic 
laboratory, outside of the laboratories descrihed above. The Im- 
perial Duma recently voted 90-1,000 rubles for additional labora- 
tories and the enlargement of the old ones. At the present time 
the following laboratories am either in construction or recent! v 
completed : Electrotechnical, physical, aerodynamical, mechanical, 
and for locomotive construction. The laboratory for the testing "of 
building m&terials*iw to lx* located in a separate building. 

• Publication. — The institute publishes r a monthly report, issued 
since 1884 under* the name "Sbornik Instituta hwnierow Putiej 
Soob6foAja.” 


TECHNOUKHCAL INSTITUTE OF EMPEROR NICHOLAS I, AT PET BOG RAD. 

TrehnoJofifeckiJ Ia*Ulut Impcmlor* NIkoJaja I. ' 

Tlie institute was established in 1 S2K by Count Kankrin, then 
minister of finance, and put into operation in 1831. It was organ- 
iaed originally as a ‘‘practical” technical school with two departs 
ment*, ''mechanical and chemical, and was connected with a number 
of well-equipped mechanical shops and chemical laboratories. It 
admitted pupils at the ages of 13 to 15 years, and offered a six-year 
course. In 1862 it wait reorganized as an institution of university 
grade. Another reform in 187/ gave the institute the organization 
which it has preserved to this date. At the sann* time the buildings 
and lttlx>ratorio8 . w ere greatly improved nmD enlarged. In JS98 the 
institute was again extended and reequipped. 

Administration . — The Petrogfad Technological Instit-tite is con- 
trolled by the ministry of public instruction. Its statute is iden- 
tical with that of tho Kharkof Technological Institute (ace statistical 
table), -and is similar in its. essential features to the statutes govern- 
ing the operation of Russian universities. At the head of tho insti- 
tute Bttjnds thft«puncil of professors, consisting of 1 5 members, with a 
d j rect fBP|fe 8 T® 1111(1 a secretary, all elected for two years. The 
. directoSfiAJccfiBh must be approved by- the Emperor; the vice 
director and IKe secretary are elected subject to the approval by 
the minister of publio instruction- Business affaire of ^e institute 
are confided to the care of the finance committee of three members, 
presided over by the director. 
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Admiwwm requirement *. — Candidates for admission must present 

a « certificate of maturity from a Russian gymnasium or other sec- 
ondary school of gymnasium grade# When the number of appli- 
cants exceeds the number of vacancies, a competitive examination 
is resorted to as a means of selection of the best-prepared candi- 
dates. Since, however, the number of applicants is usually very 
high (about 2,000) and there are only 300 vacancies provided, the 
competitive examination is a chronic occurrence. The examination 
takes place in the middle of August and consists of mathematics, 
physics, and the Russian language It is very rigorous, but in 
spite of this the number of candidates who have passed it successfully 
is always greater than the number of available places. . 

The tuition fee is 50 rubles per annum. There is a provision for 
free scholarships for 100 students. 4 

Instruction and degree . — The course of instruction covers fiye 
years. The first two years are common, and during tho last three 
^years the instruction follows two specialized courses, mechanical 
and chemical. Practical instruction accompanies the theoretical 
throughout the first four years, *and the fifth year is deyoted en- 
tirely to practical occupations. 

After the completion of^the full course of studies the final exami- 
nation / is taken, which leads directly to the degree of enginecr- 
technomgist, entitling to the conduct of constructional work in the 
Empire. According to the ratings in the leaving examination, the 
graduates are divided into two classes; graduates of tho first class 
receive the civil rank of the tenth degree and those of the second 
class the rank of the twelfth degree* 

Curriculum . — Tho program of studies, both theoretical and prac- 
tical, is as follows; 

Program ov Stooihr. 


FIRST YEAR, 

Hours 


per wk. 

Religion 2 

Analytic geometry, advanced algebra, 
difieiQntial calculus, elementary 

integral calculus 5 

Descriptive geometry 2 

Physics (apparatus, measurement. 

sjnolecular physics) 3 

Mineralogical chemistry 5 

Theoretical mechanics 3 

Geodesy * . *. 2 

Total y. 22 

* i , 81CONP YSAR. 

General mechanics.. .'. ...... . ■ 2 

Physics (heat, electricity) 3 


) Ttot nMduetdDM only. • For n , * n ^* n ^ n ^ >ni only, 


B ECU N't! YEAR— cniltinuod. 


Hours 
per w fa. 

General chemistry (nictalaj .*» 3 

Resistance of materials, organs of 

machines A 

Applied mechanics 3 

Architecture ■. . . z 2 

Construction 3 

Integral calcidus 1 2 

Analytical mechanics 2 2 

Mineralogy and geodesy* 2 

Total...*...: : 22 or 24 


The program of the first two yean also 
includes architectural and technical 
drawing. 

ind during one Mmwter only. 1 For ahemtita only. 


BUBBU. , ( , „ 8» 

Program or Btudixb — C ontinued . 


THIRD TEAS. 

Common part: p«rwk. 

MechanicAl theory ofheat * 4 

Boilers 2 

Technology of metals and alloys. 2 

Electrical measurements 3 

Heating and ventilation 2 

Total, common studies 13 

MedmnkUnt. 

Applied thermodynamics (one semes- 
ter) ; 4 

Lifting machinery (one semester) .... 3 

Graphical station 2 

Hydraulics and hydraulic motors. ... 2 

Construction qf 4 stearu engines 2 

Metallurgy or iron (one semester) 2 

Theory of probability (optional) 2 

Obligatory total 13 

Grand total 26 

^ (lif mitt*. 

Organic chemistry 3 

Analytical chemistry 2 

Technology of mineral substances. . . 4 

Anatomy and physiology of plants 
(one semester) 3 

Total 12 

Grand total 26 

"Besides the Ibove studies there is 


architectural and meclmmioal drawing, 
practical work in thb shops and exercises 
in microscopy and analysis. 


FOURTH, TEAR. * 1 , 

t ( * t 

JMknMtiu, Boor* 

pwwje. 

Electrotechnical theory (optional). . . 2 

Construction and calculations 6f 

dynamos (optional) $ 

Technology of textiles. 4 

H yd ro technical construction. 2 

Theory of elasticity of solids (op- 
tional) „ 2 

Statics of construction * 3 

Technology of metals 4 

Construction of metal! urgical works. . • 2 

Woodwork 2 

Theory of locomotive construction., 3 

Obligatory total 20 

CXtmix*. 

Electrotechnical theory (optional).. 2 
Construction and calculations 1 of 

dynamos (optioual) 3 

Technology of textiles 4 

Hydrotechnical constniction 2 

Theoretical chemistry 4 

Technological chemistry (naphtha, 
fats, oils, leather, paper, gas, 'dis- 
tillation of wood) , 5 

Technology of coloring matters.. 6 

Obligatory total 21 


The time given to practical occupations during the fourth year 
is considerably increased. The practical work consists of machine 
design, laboratory exercises, etc. The mechanicians must design a 
boiler, a steam engine, and a hydraulic motor. - The chemists 
design a boiler, a factory of chemical products' relating to mineral 
industry. The mechanicians may select for examinations: Electro- 
technics, locomotives, or technology of textile machinery. 

The fifth year is devoted to the execution of designs, work at' 
material testing in the mechanical laboratory, etc. Students spend 
during this year at least one month id a factory studying the branch 
of industry in which they ar© interested. 
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Equipment of the institute. — The library of the institute contains 
12 f 400 work* in 35,000 volumes, among them 4,579 works in the 
Russian language, and 837 periodical publications, among them 796 
in Russian. The value of the library is estimatedat 126,060 rubles. 

The museum of machines, apparatus, models, commercial and other 
products, and scientific collections. Total of 1,640 exhibits. Value 
about 78,650 rubles. ^ 

physical laboratory. 

Chemical laboratory . 

Technical laboratories. — For chemistry of food products, inorganic 
chemistry, industries based dn fermentation, .tannin industries, and 
manufacture of dyes. 

Bacteriological laboratory. / 

Labjoratory for metallurgy. 

Electrotechnical laboratory. 

Mechanical laboratory , with two divisions: (1) Steam engines, and 
(2) internal -combustion motors. 

Laboratory for testing materials. * 

Shops, foundries, forges, pattern-making shop, metal-working 
shop, etc. 

Publication . — The institute publishes “Technological Institute 
News (Izwiestja Technologiteikago Instituta). 
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Technical education in Japan is of recent development. Its ex- 
istence datesfrom 1871-1875, when three schools wore est ablished, rep- 
resenting the three main divisions of technical education, respectively : ' ! 

Itn^ineering, agnculture, and commerce. 7 The movement, however, 
did not attain real importance until JS94, following the issue of an 
ordinance regarding the Government subsidies to technical schools. 

Two epochal events of Japanese national life, the Chinese war in 1894- 
95 and the Russo-* Japanese war in 1904-5, produced two consecutive 
waves of national Uplift which gave rise to enthusiastic educational 
activities. In the measures that were carried yut in this movement, 
technical education was given special attention. In 1899 the Gov- 
ernment issued an ordinance fixing the types and determining the 
standards of technical education. In 1903 another ordinance was 
issued, by which all technical aud professional schools of higher grade 

were given a common organization. 

* 

PREPARATORY EDUCATION. j 

The education that must, precede the higher technical studies may 
be of general or technical character. It begins with the elementary 
school having a six-year course that covers the period 6 to 12 years 
of. age. The elementary school may he followed by a two-year [ 

higher-elementary school or a middle school having a course of five ( 

years duration. The latter school is generally taken by those in- 
tending later to enter a higher institution. Tire completion of the 
first two ye&re of a middlo school, or of the full course of a higher- 
elementary school, admits to middle technical schools, where special 
.courses are provided in several branches enabling the pupi^ to begin 
his specialization asear!y as 14 years of age, with the view of following 
the same branch in the higher technical school, or of obtaining the t 
necessary skill and knowlWge for a skilled worker, an artisan, a 
foreman, etc. There are technical schools of even lower grade than 
the above, to which boys are admitted after finishing the elementary 
school. 

The completion of the ordinary middle schocfl, or of the technical jj 
school of middle grade, closes the secondary education. The graduate I 
may then proceed to one of the imperial universities or one of the 
higher technical schools. 

92 I 
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THE TWO TYPES OP HIGHER TECHNICAL SCHOOLS. 

Higher technical education in Japan is provided by engineering 
colleges forming departments of universities, and by special technical 
schools. Tho term “special'' in this relation is officially appliod to 
the type of school higher than the secondary and n^t quite up to' the 
university grade. In view, however, of the unique position occupied 
by those schools in tho educational classification, if is desirable, 
perhaps, to show their relation to both secondary and liighor education 
by actual comparison. . 

In regard to admission requirements, the special technical schools 
stand lower than tlio corresponding university colleges. To be'ad- 
mitted to a special technical school, the secondary school certificate 
and a rather exacting examination are all that is required. But a * 
student can not he admitted directly from a secondary school to a 
uim ersit y college, lie mq>t first pass through a three-year prepara- 
tory cAurse corresponding to the first two years of a standard univer- 
sity. Tho university course following this is of tlireo yeare’ duration, 
with the exception of tho departments of medicine and law, which - 
have a four-year course. 

The university course corresponds to the last two yoars of tho 
American college course, with sonio extensions which, however, do 
not . raise it to tho -plane of American graduate courses. Special 
provision is made, for the graduate studies in tho Japanese universities 
by tho' maintenance of Daigukuin, or University Halls, oq'uippod 
witji all facilities for research work and postgraduate studies. These 
postgraduate studies often aro.extended ovor five years. 

It may bo observed that tho whole poriod of primary, secondary, 
and higher education, of which ' the final sanction is a uinversity 
. degree, is considerably longer in the Japanese than in any othqr 
educational system. Tliis is explained hy the difficulties encoun- 
tered by tho Japaiuvso students in their language study; in ordor to ' ’ 
follow the higher studies they mast master at least one European 
language, which is necessarily the m odium of modem scientific in- 
struction. It is evident that the acquisition of foreign languages is 
much more difficult to a Japanese boy than to an American boy, the 
principles of etymology and syntax of European languages being 
utterly strange to tho Japanese mind. 

Iij relation to tlio university course in engineering, the courso of 
tho spociAl technical soliopls may be regarded as abbreviated. Tho 
object of tho latter, as stated officially, is to “give those intending to 
engage in agricultural, technical and commercial pursuits a 
advanced knowledge of arts and sciences.” In accordance with tliis 
purpose, the instruction has more practical character, with emphasis 
on manual training. Tho departments are numerous ^nd conre- 
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apond to as many different practical careers. Aside from the agri- 
cultural and commercial schools, which do not enter into this qon- 
attention, the technical schools have the following departments: 
weaving, ceramics, applied chemistry, mechanics, electrical 
mechanics, electrical chemistry, electricity, marine, engineering, naval 
krchitecturd, naval ( x ngiuW*ring, architecture, civil engineering, .min- 
ing, metallurgy, designing, and browing.. 

There is a growing tendency to raise the level of the special techni- 
cal schools to the university rank. The establishment of the Port 
Arthur Technical School, with four-year courses in all departments, 
may be regarded as a step in that direction. 

ADMINISTRATION. 

Both the universities and the special technical schools are under 
the direct control of the department of education; attached to thn 
department is the higjior educational council, in which, among other 
high officials, are heads of all higher educational institutions, and 
officers in charge of primary' and secondary education. The council 
is an advisory body, but its opinions often have decisive impor- 
tance. Locally educational matters am controlled by prefects, or 
governors, of 47 administrative districts called prefectures. 

Universities. The internal administration of the imperial univer- 
sities is basod on tho imperial ordinance of 1886. At the head of the 
university stands the director, who*controls all affairs of lus univer- 
sity and is responsible for the enforcement of discipline Ho pre-. 
sides over the university council, composed of directors of all the 
colleges and ono professor from each college, The council's juris- 
diction affects tho following matters: Courses of study, questions 
concerning tho chairs in tho university, granting of degrees, giving 
opinion on questions submitted by the minister of education or by 
the president of the university. 

Directors of the individual colleges exercise general supervision 
over everything connected with tho instruction in their respective 
colleges. Each colleere holds faculty meetings attended by all the 
professors of the couoge. Tho faculty meetings deliberate upon 
curricula of studies, examinations of 'students, qualifications of 
candidates for degrees, and questions presented l>y tho minister of 
* „ education or by the president of the university. 

Special technical schools . — Tho organization of tho special, or 
higher technical schools, rosembles that of secondary schools. Tho 
professors' take no part in the administration of tho school. The 
ffiroetor, who th6 head of the school, is appointeefby the Emperor 
and Is ffitrtisted *ith the entire internal administration, including 
8UpdrvisiM of the work of 1 professors and instructors. Ho is respon- 
sible directly to the minister of education. ' 
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There is also an advisory body at the head of each higher technical 
school, called board of councilors. The board of councilors consists 


-of the following members; 

Higher official* of the department of education . % 

High** officials of the department of agriculture and commerce 2 

Peracmaof wide experience in commercial and industrial pursuits 3to7 


The board of Councilors discusses the questions connected with 
subjects of study, the courses of instruction, the regulations, and such 
other important matters as the director may deem it necessary to 
submit to its consideration. The decision of the board on special 
questions submitted to it are reported -by the director to the minister 
of oduoation. 

PECULIAR FEATURES OF UNIVERSITY DEPARTMENTS OF ENGINEERING. 

Preparatory ^courses .^— Admission to university colleges is condi- 
tioned by the completion of a preparatory course of three years. 
These courses are provided by the higher schools (Koto (kkko), 
usually connected with universities/ They are divided into three 
soctioqs, correspond ing to the rough division of higher university 
courses, and the students on entering the preparatory school must 
at onoe decide about their futuro college studies. There is*a course 
provided for thoso intending later to enter the college of law or the 
college of literature; another course is offered for thoso\who intend 
to study engineering, science, agriculture, or pharmacy in the uni- 
versity course; and the thin! division is provided for aspirants to the 
medical college. 

The division preparatory to the college of engineering has the fol- 
lowing courses of instruction: 


Couth* preparatory ty the college of engiruHring. 


Subjects of Instruction. 

Boors p^r week. 

First 

year. 

Ascend 

year. 

Third 

jam. 

Morals .. 

1 

1 

1 

Japanese language j. 

a i 



English language \ .. . 

g 

7 

* * *•*•*• ** 

Oorman or French 

g 

7 

% 

A 

Mathematics 

g 

4 

w 

a 

Physics * 


» 

D 

1 

Chemistry 


l 

Geology and mineralogy 


j 

Drawing a 

4 

4 

« 

Gymnastics 

a ■ 

3 

A 

1 

Total 

S3 

S3 

# 

30 





Theoretically, the completion of the preparatory course admits to 
the university course, but owing to great numbers of candidates, 
there has bepn established a rather complex system of aeleetiea baaed 
on competitive examination and numerous other considerations. 


9$ H10HEB TECHNICAL. EDUCATION. 

For admission to special technical schools the following conditions 
are re^inni (besides the usual proof of secondary education): ^ 

1. Tho candidate must possess good character and sound consti- 
tution. • * / 

~ 2., He must h*ve a firm resolve to pursue in future an industrial 
career.. 

3. Ho must pass the prescribed entrance examination or fulfill the 
conditions upon which admission is granted without examination. 
f The examination is based on the last year’s work of the middle 
school and includes English, mathematics, physic^ and chemistry, and 
drawing,- both free-hand and instrumental. 

Graduates of middle schools who have achieved eminent success in 
studies are, admitted without examination: 

Postgraduate rtudy and degrees. — University graduates who wish to 
obtain a degree must pass through a course of postgraduate studies 
in the university hall. Graduation itself conveys the right to the 
name ^oJhwAi and carries with it certain privileges relating to civil , 
servipq fI but., does not impart a ro&l academic degree. The degree 
equivalent: to doctor or master is called hakushi anti w used with 
different prefixes, according to tho branch of science to which it 
refers. Thus, igaJcu hakwihi means dooLo^ of medicine; hogakn 
haJcvshi, doctor of laws; kdgaJcu hak'ushi, doctor of engineering, etc. 

Postgraduate studies are open not only to university graduates, hut / 
also to graduates of other higher institutions, who pass special 
examinations arranged separately) for each individual. .case. Post- 
graduate work consists of sciontifio research whose subject is selected , 
by tho student and approved by the faculty of the respective depart- 
ment. A graduate student may also follow a series of lectures m one 
or several of the university colleges, according to the requirements of 
his special aim. If gjfe research involves travel with srientific pur- 
poses, the admin iatfktion of tho .university may supply him witli 
necessary funds. At the end of each year tho students must report 
on the progress of their work. After twt^ years a thesis must he 
submitted. In addition to this the faculty may find it desirable to 
examine the student in captain subjects before he is granted a degree. 

The period of postgraduate study may be prolonged to five years. | 

A number of research scholarships are provided for graduates rocog- ! 

nixed as deserving by. the university council. 

FINANCES. 

All the imperial universities, as well as all the special technical 
schools,* are State-maintained. The Government appropriations for 
universities are regulated by the law of 1907. This law fixes the 
abuttal appropriation for the University of Tokyo at yen 1,380,000, 
for the University of Kyoto at yen 840,000 ; the other two universities 
receive Varied annual grants, according to their budgets. No figures 
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are available to show the share of the engineering colleges in the 
budgets of the universities of which they ato parts. 

As to the special technical schools, they draw their. support partly 
from a fund called “Encouragement Fund for Technical Education,' 1 
which amounted, in .1912-13, to yen 390,173. 

The figures relating to income and cxj>endituro of al l the institu- 
tions that are the subject- of this presentation are included in the 
statistical table for Japan (see p. 101). * 

TOKYO IMPERIAL UNIVERSITY, COLLEGE OF ENGINEERING. 

The college of engineering attached to the University of Tokyo may 
he regarded as typical of engineering depart inputs of Japanese 
university's. It offers 10 divisions as foUows: 1. Civil engineering. 
2. Mechanical engineering. 3. Naval architecture, 4. Technology 
of ordnance. 5. Electrical engineering. 6. Architecture. 7. Applied 
chemist rv. 8. Technology of explosives. 9. Mining. U). Metallurgy. 

In vie V of the thorough training iy elements of technical science, 
that the students have received in the preparatory higher school, 
there are no common programs in the* university course. Phi oh 
division follows from the beginning of tin* first year its own course of. 
specialized studies. It is deeiued unnecessary to present hefe pro- 
grams of- all the above-enumerated divisions; the two inclosed typical 
pro grains, of the divisions of mechanical engineering and architecture, 
give a fairexamjile of the arrangement of studies in all other divisions. 
The same two diVisit ■ ..< in the Special Technical School of Tokyo are 
presented immediately following these, so that the two systems may 
1)0 readily compared. . ’ * * 

In reference to the division of thcT Academic year into three terms, 
appearing in the following tildes, it must-be explained that tho 
academic year* at the I’niversity of. Tokyo begins on the 1 1th of 
September and ends on tho 10th of July. The first term, comprising 
105 days, extends from September 11 to December 24; the second 
tenU of 86 days covers the period from January 8 to March 31; 
and the third term of 94 day 8 extends from April 8 to July 10, 

Tokyo Imperial Cmver$ity t College of Engineering. 

A. PROGRAM OF THE DEPARTMENT OF MECHANICAL ENGINEERING. 


Subjects. 


HEAT TEAS. 

Mathematics . — 

D> Amici. . •. 

Atwlfed meriuoks _ . . . 

] * uinw 

Meehan Imd 

H \ draw Ik's 

Workshop appliance*.. 

HulKUng oansuurtion 

Prawio# and «xerrlM>s In applied mochanics . 
p«tfo, drawing, and prartie* 

81707°— *17 7 


Hour* p°r 


Flrst 

tarm. 


Second 

term. 


3 

1 

7 

2 

2 

2 

2 

2 

16 


Third 

term. 


I 

1 

2 
I 

a 


t 








98 HIOHEB TECHNICAL EDUCATION. 

Tokyo Imperial University, College of Engineering-Continued. . 

A. PROGRAM OF THE DEPARTMENT OF MECHANICAL ENGINEERING— Fonttnued. 


Hours per week. 



* 

First 

term. 

j ^Second ; 
1 term, j 

SECOND TEAS. 

m 


I 

Heat engines and thermodynamics 

4 

! 

1 ; 

MartSe^SiS <1 ** ia%mics Qt machinery 

; i 

' ? 1 

3 ; 

i ; 

Spinning and weaving! 

hoooraollves. — 

Hydraulic machinery. ] 


2 1 

I 

::*l 

2 1 
1 

Outlines of electTkilengineerinv 

^■Sw^eSSw tSllun ' ,Cal <6< ' hn0lo8 > 


U ; 

2 1 
2 ! 

3 

i 4 ! 
* ' 3. 1 
i/ 

Engineering laboratory ...!..* 

a . nd ? r * rt,c * 


i ; 

i3 i 

Electrical engineering laboratory .... 

Practical exercises 3 .. 


22 | 

- third teas. I 1 1 

Spedal extra lectures j f 




Third 

term. 


3 

4 


■ 3 
17 
3 


Graduation design and essay 1 . . . 


B. PROORAM OF THE DEPARTMENT OF ARCHITECTURE. 


TTRBT YERE. 

Methem ^ip ff 

Outlines of heat engine . ! ! ] 

Applied mechanics... **** 

Perspective.... * 

Stereotomy 

Calculation !!]!!!.* 

ByJjdi^inat«rWs.. s .."[.*f.*.'" 

Bunding construction 

Architectural designing. . 

History of architecture... .■ 

& 1X1 * pvU * “• chaaics 

Design and dr*wwg 


Beismology.. 


SECOND YEAB. 


BuBding'oonstructlon . 
mtton 


Bxecuuon of works . 

Decoration 

Architectural designing. . 
History of architecture.. 

FiMmod drawing 

Decorative drawing 

Design and drawing 

•Practical exercises*. 


THIRD TEAS. 


Mechanical and mstalluiYttal technology. 


Freehand drawing 

Decorative drawing 

sign and drawing 

Practical exercises’ 

. Graduation design* 


i Every other wade. 


4 

3 

6 

2 

3 

is 


3 


3 

3 

20 


i No definite time assigned. 
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Expenditure for univertitiet and hig l er technical k hoolt. 

( A coord log to the report of the minister o^eii \atlon for 181»*13.) 


vmvKiisrnta. 

Imperial University ofTokyo 

lmiwrial University of Kyoto 

Tcmoku Imperial University 

Kyuahu Imperial University 


I'm. 

RlOHKft TECHNICAL SCHOOLS. 

1,843,236 

Tokyo Higher Technical School 

Osaka lllgner Technical School 

1,087,433 

733,783 

Kyoui Higher Technical School 

Nagoya Higher Technical School 

Kumamoto Higher Technical School 

Yoneiawa Higher Technical School 

810, 436 

* 

Akita S pedal School of Mining 




Yin. 

1 36,884 
133, m 
07,331 
88 , 886 
70,888 
78,488 
63,807 


% 


* 


0 
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REPORT op the royal commission on technical education. 

The appointment of a royal commission to inquire into the needs 
• and present equipment of the Dominion of Canada in regard to 
industrial training and technical education, and to repoR as to sys- 
tems and methods of technical instruction in other countries, indi- 
cates the awakened sei^se of the importance of this subject in respect 
to which Canada is much less advanced than in other departments 
of education. In the introduction to their report the commissioners 
presented the following summary of the present status of technical 
education in the Dominion: 

There is handwork of some sort — h&nd-and-eye training — in the elementary grades 
of many schools from the kindergarten up. In a number of towns there are coursed 
in manual training and household science; and other places are planning to introduce 
them. That is part of general education for development, for culture, and for citizen- 
ship; and it is also preparatory education to which industrial training and technical 
education will piece on without waste. 

A beginning has been made, in technical education in secondary schools in Mon- 
. treal, Toronto, Hamilton, Sault Ste. Marie, and Halifax. Technical and commercial 
high schools in Mon treat and Toronto axe carrying on day and evening classes. The 
evening classes are attended almost wholly by young men and women who are work- 
ing in some factory or Bhop or office during the day or are engaged in the building 
trades. New technical schools have been established at Montreal and Quebec, but 
classes in them have not yet begun. Winnipeg is erecting two new technical high 
schools, at cost of $700,000. There are goad night schools for the workers in places 
like Montreal, Quebec, Toronto, and Vancouver, but not much opportunity in .the 
way of classes in the smaller cities and towns, where the man who earns his living 
by craftsmanship or in industrial work can get a further training. 

Several colleges and universities provide courses of a partially technical character 
for what may be called the technical professions. Principal falconer, of Toronto 
University, was disposed to call the education provided formerly by the School of 
Practical Science and now by the faculty of applied science of the university, “pro- 
fessional and not technical." The institutions where the most advanced courses 
are provided are the University of Toronto, McGill University, the Polytechnic 
8chool of Laval University, the School of Mining of Queen’s University, tho Nova 
Scotia Technical College, and the University of New Brunswick. 1 

The report of the commission includes also a survey of the pro- 
vision for agricultural education or the technical education of farm- 
ers, and the preparation of students for entering upon professional 
work directly related to rural occupations. In respect to this divi- 
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sion of special education, Canada has made very iAarked progress 
and offers models for other countries. f 

With a single exception the institutions in Canada recognized by 
the commissioners as giving advanced technical education are uni- 
versities. This relation, which follows English precedents, assures 
from the first the highest standards and sanctions for the technical . 
professions. At the same time it promotes the helpful interchange 
of theoretic and practical instruction. The university excites an 
enthusiasm for pure science, and thus arouses latent powers which 
lead to - original discoveries and new* combinations of principles. 
These intellectual processes find their objective in the technical arts 
which react as stimuli to research. 

Canada, however, as indicated by the report already cited, is fully 
alive to the need of provision for technical education of the secondary 
order. This appeals to the practical porker and is sufficient to 
acquaint him with the rationale of the technical arts. Every impor- 
tant city in the Dominion has recently made provision for this sec-' 
ondary order , of technical education. The latest example is the 
central technical school budding opened at Toronto with imposing 
ceremonies in August-^1915. The city has invested in the site, build- 
ing, and equipments of the institution above two million dollars. 
The course's of study are intended to provide scientific, artistic, and< 
practical training for those engaged in industrial and commercial 
pursuits during the day, and 'also to equip students for work in no 
less than 32 technical arts, including 10 essentially feminine in- 
dustries. 

At this initial stage of the movement, therefore, technical educa- 
tion in Canada is dealt with from the standpoint both of industrial 
need$ aiul professional requirements. The former must of necessity 
bo met by local agencies; on the contrary, young men aspiring to 
the higher technical careers have many inducements to complejte 
their education in foreign countries. The desire to retain such stu- 
dents at home has furnished tlio strongest motive for the expansion 
of the Canadian universities in the technical direction. Representa- 
tive^ from the principal universities in Canada met at Toronto in the 
summer of 1915 to confer ou this subject. At the conference it w r as 
declared — * * # ’ 

that at present the facilities for pursuing postgraduate courses, especially thoee 
dealing*with technical matters, are extremely limited in Canada, and tliat laige 
numbers of Canadian graduates go abroad ahd spend their time and money in foreign 
universities. 

The opmion was expressed that— k # 

if postgraduate facilities were provided, thjs annual emigration would be gradually 
lessened and many students who remain abroad permanently after eompleting their 
courses would be encouraged to take up their ^residence in Canada. 
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\ This result would meet “the long-standing demands of Canadian 
manufacturers for the encouragement of research work in the higher 
branches of technical knowledge.” 

ADMISSION REQUIREMENTS FOR UNIVERSITY DEPARTMENTS. 

f tho several universities of Canada that have made provision for 

j advanced technical education the admission standards are the same 
as those which lead to the liberal professions, the qualification of 
1 applicants being tested by an entrance examination covering the 

• subjects of secondary education. The duration of the technical 
courses is the same in all cases, i. e., four years, and in general the 
courses are organized as a aoction of the faculty of applied science. 
Exception should bo noted in ‘the case of Laval Uuiversitv, Quebec, 
which provides for the technical studies in the affiliated polytechnic 
school at Montreal. 

The following statement pertaining Jto the University of Toronto 
not only shows the scope of the technical education provided in .that 
institution, but is fairly representative of the corresponding work in 
the other universities. 

UNIVERSITY OF TORONTO-FACULTY OF APPLIED SCIENCE AND ENGI- 
^ NEERING. 

O 

Iu 1877 the Provincial Government established What was < known 
as thb Ontario School of Practical Science, which in 1900, under 
enactment of University Senate, became the faculty of applied science 
and engineering of the University of Toronto. At present the fawjty 
has at its disposal four buildings well equipped with tlie apparatus 
requisite for thorough training in tho engineering professions. 

Candidates for admission to this faculty mustfbe 17 years of ago 
and must have completed at least four, usually five, years ’ prepara- 
tion in a high school of the Province of Ontario, the hist year bcitm 
devoted especiallyto higher mathematics. The subjects covered by 
the high-school course aro : 

\ (1) Compulsory: Enghsh, history, mathematics, grammar. 

(2) Optional: Three chosen from Latin, Greek, German, French, 
science (modern and science preferred) . 

The faculty of applied science and engineering comprises the fol- 
lowing courses: Civil, mining, mechanical, electrical, chemical, and 
metallurgical engineering, architecture tfnd applied chemistry. ’ 

• The course in each is df four years’’ duration and leads to the de-. 

■r gree of bachelor of applied science. . 

' The average time given to instruction includes lectures 14 hours 
per week, laboratory, 22 hours per week. 
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In order to secure the bachelor's degree the student must suc- 
cessfulfy pass the examination in the work of each of the four years 
of tho course, including both theoretic instruction and practioal 
exercises. ^ 

the elaboration of tho technic al courses is illustrated by the follow- 
ing particulars relating to civil engineering, which is selected as 
topical: 

First )7xir Subjects: Mathematics; surveying, including fieldwork; physics (statics 
and dynamics) ; chem;*?try; commercial accountingfat&odc^p Junjhiag© and drawing. 

Second Year Sttbjcru : Mathematics; astronomy; surveying, including fieldwork; 
mechanics; physics and chemistry, including laboratory work; mineralogy; banking; 
a modern language; drawing. «# 

Third Year Subjects: Mathematics; astronomy and geodesy; surveying, with field- * 
work ; hydraulics ; theory of structures ; materials of construction, with laboratory work ; 
engineering chemistry; geodesy; photography; physics; drawing. 

F<vurth Year Subject*; Theory of stru.-turoe and materials of construction, with 
laboratory work; electricity; tliermodyiuunics; geology, contracts and specifications; 
thesis on an approved technical subject, and one of (a) astronomy and geodesy, (6) 
sanitary and" high way engineering, (c) structural engineering, (d) strength of materials 
and railway engineering. The st udent may specialize on one of the options. Particu- 
larly in the final year the practical side of the subjects treated. is emphasized. 1 

M'GILL UNIVERSITY— FACULTY OF APPLIED SCIENCE. 

A school of civil engineering was established at McGill University 
in 1858, hut after five years’ struggle it oeased operations. In 1871 
the teaching of engineering and practical chemistry was revived and I 

a department of practical and apftlied science created in the faculty 
of arts; in 1878 this department was organized as a faculty of applied t 

science with a 'Stuff and teachers of its own. A few years later, j 

through* Sir William Macdonald's liberality, the Macdonald engi- 
neering building was erected, followed soon after by two additional 1 

buildings, one for physics and the other for chemistry and mining. 

Tims equipped and endowed, the faculty of applied science became 
a noted center of technical education. 

Tho courses of instruction include tho various branches of engir j 

nccring, architecture, chemistry, and transportation. The depart- 
ment of transportation, which forms a unique feature of the inati- ! 

tution, was established in advice with representatives of tho leading 
railway systems, of the Dominion and under the supervision of a i 

transportation committee upon which both the railways and the 
university were represented. The department prepares men for the \ 

following branches 6f railway work: Construction and maintenance t 

of way; motive power of department; operating department. | 

These courses are combined, so far as possible, with those of allied 
branches of engineering. ■ * - \ 


1 For particulars respecting the organisation and curriculum of tho faculty of applied science, the offloe 
Is Indebted to Dr. Robert A. Falconer, president of the university. 
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With regard to the relations between the railways and the uni- 
versities, the report of the royal commission already cited states that : 

The university receive* from the railways the sum of $12,600 anmiallyrof which 
$10,000 is employed in the payment of the salaries of the staff giving instruction in 
those subjects (railway engineering, railway economics, railway oj oration, freight 
service, passenger service, signals, etc,), which would not otherwise form part of the 
curriculum of the university, while tho balance of the sum is used to strengthen 
that portion of the regular work of the faculty which contributes directly to the 
training of railway engineers. 

The cost to tho university of training students who subsequently enter tho vari- 
ous branches of railway service is probably alxmt $20,000 a year. The difference 
between this sum and that supplied by tho railways is drawn from the general 
university funds. 

Certain officers of the Canadian Pacific Railway and Grand Trunk Railway are 
engaged to lecture on passenger service, railway auditing, etc. 

Both tho Canadian Paciirc Railway and Grand Trunk Railway have scholarships 
here for somo of their own men -$2tK) & year; failure in examination Joses it. The 
university has arrangements with the railways for taking men who have been trained. 

The degree of bachelor .of sconce or bachelor of architecture is 
conferred upon students according to the course which they complete. 
Special students taking a shorter course and not proceeding to a 
degree are admitted under strict regulations. The sessional fee for 
'the undergraduate course* in architecture^ $H7, for all other under- 
graduate courses SI 07. The fee for matriculation examination is $f>, 
arid for examination of certificates which exempt- from the matricu- 
lation test, SI. At the request of the students themselves, and hv 
authority of corporation, an additional fee of SI0 is exacted from 
all undergrad u a* os and conditioned undergraduates for iho support 
of tho Literary Society, the Undergraduates’ Society, the ('anadian 
Club, the Union, the McGill Doily, and athletics. 

Arrangements are made by which students may complete iirsix 
years a double course in arts and applied science. Snch-nstudents 
pay full foes in arts for the first three years of their course, amounting 
to $58 annually, ami the full fee for applied science for the fourth, 
fifth, and sixth years of the double course. 

i LAVAL UNIVERSITY— POLYTECHNIC SCHOOL. 

Laval University, Quebec, one of the oldest institutions in Canada, * 
makes provision for the higher technical education through the poly- 
technic school which is situated at Montreal and affiliated to the 
faculty - f arts of the Montreal branch of Laval University. The 
polytechnic school comprises two principal divisions: Tho school of 
engineering and the school of architecture. A preparatory school 
included in the organization offers a course of instruction cohering two 
years and leading to the examination for admission to the technicol 


• ( 
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divisions. The subjects of this examination and the marks allowed 
for each are as follows: 


4^nch 


...... 2 

Trigonometry 

.. ‘4 


Kkyliah 


5 

Physics * 

Chemiatry . . . . ; 


1 

- \ 

HjJtorV 



.. 2 

J 

(i^mphy 

-i ; 

1 

* 




Three-fifths of the total marks possibl^are required for passing. 

A school of surveying, annexed to the faculty of arts of the uni- 
versity at Quebec, prepares students for positions in tho provincial 
'and Federal surveys, and also for the higher course in civil engineering 
at tho polytechnic school. The course of instruction in surveying 
covers three, years and is limited to mathematics and the sciences. 
For admission to this school the student must be at least 17 years of 
ago and must have completed a secondary course of study, either 
classical or modern in character. 

Engineering ditnsion of the polytechnic school — The engineering 
division of tho polytechnic school comprises five departments: Civil 
engineering, chemistry, railroads, electricity, and mines. The courses 
of instruction are organized in two sections: The section of sciences, 
covering two years, which is common to all the divisions; tho tech- 
nical section, providing for specialization for the two remaining years 
of tho complete course. An examination at the end of tho entire 
period is required, and students who pass the same successfully re- 
ceive the diploma corresponding to their respective specialties, viz/ 
civil engineering, chemical engineering, electrical engineering, etc. 

Division of architecture .— Tho program of the division of architec- 
ture, which is very elaborate, is organized in two sections, the first 
covering two years, at the end of which an examination must be 
passed to determine the ability of the students for continuing through 
the third and fourth ^nrs. 

In addition to the class work, students are obliged to occupy their 
^vacations in the praotico of architecture with an approved architect 
of tho Province. Eight months of this work must be passed during 
the first two years of the course, and the remaining four months in 
tho third year. Therefore tho diploma of architect conferred by this 
section is not only proof of the completion of a thorough course of 
studyj but of successful practice in the art under responsible direction. 

An interesting adjunct of the polytechnic school is the school of 
decorative and industrial arts, which offers a complete course of three 
years, leading to a certificate which admits the recipient to the studio 
of decorative and industrial arts (Atelier des Arts Pecoratifs et Iri- * 
dustrieig), where they may remain as long as they desiro, working 
under the control of {he polytechnic school arid the immediate direo- , 
tion of the professors of the school of decorative and industrial arts. 

. i 
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NOVA SCOTIA TECHNICAL COLLEGE* 


The Nova Scotia Technical College was created by legislative act of 
1906, which provided for affiliating the new institution with the four 
existing university colleges in the Province. Of these colleges one 
had established four-vear courses in civil and mining engineering, and 
the others provided for the first two Years’ work in engineering ami 
were affiliated with McGill University, Montreal. In accordance with 
the provisions of the act of 1906 the four older colleges agreed to offer 
a uniform course in engineering, covering the first two years of a 
four-year complete course; the remaining two >enrs in each of the 
four branches of engineering were given over to the technical college. 
By this means the opportunities for technical education were main- 
tained in different parts of the Province, thus promoting their adapta- 
tion to local conditions; at the same time since the full program was 
completed in every case at the technical college, the courses were all 
maintained at uniform standards. 

The terms of the agreement are specific in respect to admission re* 
quirements both to the university course and to the technical college. 
The universities require that the candidate for admission sh^l pass a 
matriculation examination in standard secondary subjects with ad- 
vanced knowledge of mathematics. The technical college, whilo rec- 
ognizing in principle the completion of the preparatory university 
course as valid for admission to all its specialized courses, does not, 
as a rule, admit candidates who have been conditioned in either 
physico-mathematics or drawing. 

The two years* course at the' technical college is organized in three 
sections: Civil engineering, mining engineering, and mechanical and 
electrical engineering. The degree of bachelor of science is conferred 
upon students who satisfactorily complete t lie work of either one of 
the sections. 

In addition to the full technical courses, the Nova Scotia college 
provides for short courses in special subjects which arc intended to 
meet the needs of men already engaged in technical pursuits desirous 
of increasing their attainments. 

An interesting adjunct of the institution is the Halifax School of 
Navigation, which provides instruction in seamanship for men who 
wish to get a master’s certificate, and similar opportunities for those 
who are preparing for the examination for mates and masters in 
irdand waters on tugboats, etc. All instruction in this branch of the 
work is free and individual, and each person is, therefore, able to* 
progress as fast as possible. 

The pri>vin<ual legislature has been very liberal in its appropriations 
for the buildings And equipments of the technical college. The tuition 
for any regular department amounts to $76 per annum. The charges 
for special students depend upon circumstances. 


Safe/ \ <• /> * 7 - ■' 
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INTRODUCTION. 

The States of South America have had two periods of activity in 
1 respect to technical education. The first occurred in the early days 
’ of th«nr independent existence, when French influence determined 
the direction of their efforts. The second period belongs to the cur- 
rent history and is an outcome of the niodern industrial movement 
which has affected in some measure every one of the Latin-Anieriean 
States. During the earlier period several technical schools were 
proposed. Most noted of these was the polytechnic school of Rio 
do Janeiro, Brazil, which was founded in 1810, and for several years 
was limited to military engineering. Its moro comprehensive 
character dates from 1808. This institution has served as the model 
for other similar schools in the State, the institution at Sao Paulo 
being a near rival of the parent school. 

The later period is particularly marked by the organization of 
technical departments in the universities, which, as a rule, are in- 
cluded within the faculty of exact sciences or that of mathematics 
and sciences. Notwithstanding this relation the administration and 
scholastic programs of the technical faculties are under their own 
control. The usual technical sections are engineering and archi- 
tecture.' The engineering section consists generally of two divisions 
one limited to surveying and the other offering courses of instruction 
in all the recognized divisions of engineering. 

The complaint is made, l>oth by scientific men and engineers in the 
SSmth American States, that the technical instruction in the uni- 
versities is too exclusively theoretic. The University of La Plata 
has endeavored to correct this tendency, and hence, as appears from 
the following conspectus of the courses of instruction in that institu- 
tion, a fair proportion of the time is given to practical work. In 
other respects the program illustrates the corresponding courses of 
instruction in other universities of South America. 

UNIVERSITY Of LA PLATA. 

Engineering education in the National University of La Plata, 
Argentina, is organized in the faculty of physical, mathematical, and 
astronomical sciences. The first year of the course of studies in this 
faculty is com^non to both the scientific and the professional sections, 
and comprises the higher preparatory studies in ma thematics and 
science, corresponding to the “olasae de mathematiquee" of the 
French lyc6e, discussed under that country, or to a college course in 
the United States having mathematical bias. 
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The subjects and the time given to each subject in this common 
course are as follow: 

Firti-ftar engineering n our* in tk* Xatiorml Uniwtrijy of lx 1 Plata 
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The studies of the second year are different for the scientific and 
the professional divisions. The students of the latter follow.® course 
more in the nature of preparation for specialized engineering studies/ 
while those of the scientific branch continue the purely theoretical 
study of mathematics and science. The program of the professional 
division comprises in the second yifar the following subjects: 

Secondly*! r engineering cour$t 




llcmrt a vmk. 


Subject* 


TJwyv 

muoal. 


JTirtl- 

Gftl. 


Total. 


G«om* phftim 

] toatriptlw jpwmKrr . . . 

ftOftlpuft. 

Orawiof, II 


5 i. 

7 < 

2 J 

i 


ToUl. 


/■ 


In the third year specialization takes place in the professional 
branch; throe courses are offered, surveying, electrical engineering, 
and hydraulic engineering. The course for surveyors ends with the 
third year, while the two other courses continue for two or three 
years longer. The following are the subjects studio* l in the special 
course for surveyors: 

Third-year court/ for surveyor*. 
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At the- close of the year the student# prepare their theses for the 
diploma of agrimenaor (surveyor). 

Tho following program show's the specialized atu.lioa pursued by 
llio students of electrical and hydraulic engineering and the number 
of hours a work given to theoretic and practical exercises for the 
succoring years: 
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Tho students of olectrical engineering at the conclusion of the 
fifth year, and tho students of hydraulic onginooring at the conclusion 
* of the sixth year, present a thesis for the diploma in thoir respective 
specialties. Tho diploma of hydraulic engineer also entitles to the 
exercise of the profession of surveyor. 

In order to obtain the degree of civil engineer, the electrical and 
hydraulic engineers must pursue additional studies. The degree ef 
civil engineer entitles to the conduct of work in general engineering^, 
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surveying, And architecture, and is therefore highly 'desirable for 
graduates. 

Electrical engineers, in order to qu/dify for the degree of civil 
engineers, must study, in addition to their ordinary curriculum, 
road building and geodesy, constructions of wood and masonry, con- 
structions of iron and reinforced concrete. Moreover, they must 
complete the sixjh year of special studies by the following program : 
Agricultural hydraulics; city and rural drainage; interior navigation; 
. tramways, and architecture (second part) , 

The hydraulic engineers, aspiring to the degree of civil engineer, 
must pursue the following additional studies: Geodesy and archi- 
tecture, first course; architecture, second course; and tramways. 

Facilities f or practical work . — Opportunities for practical instruc- 
tion afforded by the engineering sections of the university are limited 
to physical and chemical laboratories and such othor facilities as are 
provided by the Museum of La Plata, connected with the institution. 
The obvious difficulties incidental to the establishment of costly 
•plants are increased by the dominant views favoring pure science 
and by the aversion to all forms of manual training, especially in 
higher studies. 

The university has an arrangement with the General Electric Co., 
of New York, for the employment of practicing ^tudents of electrical 
engineering. A thermo-electrical plant and a hydraulic experi- 
mental station will be soon erected. The plans for these two adjuncts 
were approved in 1912. 

SCHOOL OP ENGINEERING, PORTO ALEGRE. 

The School of Engineering at Porto Alegre, Brazil, combines all the 
stages of coniplete technical education, beginning with an elemen- 
tary school and ending with specialized courses in sevoral branches of 
engineering. The programs of these courses compare favorably with 
those of the higher* technical schools in Europe or the United States. 
The institution also comprises industrial courses of elomentary and 
secondary order, organized in several divisions, and a scmiclassical 
gymnasium. 

All these schools form a closely centralized group, under common 
management and serving the same purpose which, as defined by the 
statute, is that of “preparing citizens capable of being useful to 
society and their native country through their work and training.” 
^Phis system appears to have some unquestionable advantages; 
^6 control possessed by the insti tu tion over the education preceding 
- the propw that the preparation 
pftho students entering tho latter is ifuUy in aw with the require- 
mei;^ of hi^er toc^cal sthdiesl The industrial courses affiliated 
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I “with the institution derive invaluable benefit from the accessibility 

I of its laboratories, collections, and institutes, as well.-as selected ; ; 

I teaching forces. * 

I The group of schools designated as Porto Alegre School of Engi- 
I tieering, offer the following courses : ~j • ■ 

I Gymnasium (Institute Gymnasial Julio do Castilhos) divided into 
I throo soctions as follows : 

j ' ■ Elementary course of three years comprising the ordinary f 

1 elementary subjects : 

2. Intermediate course of two years; this comprises the study of 
five languages (Portuguese, French, Italian, German, and English), 
geography, history, civics, natural sciences, hygiene, mathematics, 
drawing, manual training, music, gymnastics, and military drill. 

* 3. Secondary course of four years, comprising tho study of the 

| above fivo modem languages, Latin, elective Greek, history, civics, 

j( natural sciences, mathematics* elements of agriculture, accounting 

\ .and bookkeeping, drawing, gymnastics, manual training, musio, 

| fencing* and military drill. 

Industrial school (Instituto Tocnico Profusions)) intended to pre- 
pare foremen and superintendents for industrial plants. It comprises 
the following courses: 

1. Elomentary course of four yearn, similar to the olementary 

* course of the gymnasium, but with a marked emphasis on mathe- 
matical and practical subjects. 

2. Technical course of five years, comprising the following sub- 
jects: The fivo modern languages, arithmetic, algebra, geometry, 
tngonomotry, mechanics (goneral and appliod), physics, chemistry,’ 
machinery, metallurgy-, technology, drawing, descriptive geometry’ 
sketching, perspective, shades, music, gymnastics, and work in 
factories. 

Tho technical course is divided into several departments differ- 
ing in respect to time assigned to the theoretical subjects and the 
character' of practical exercises. There aro eight distinct depart- 
ments, viz: Metal working, wood working, construction, typography 
and printing, hookbinding, electrochemistry, lithography, and photo- 
technics. 

Engineering institute* (Instituto de Engenharia) offers the following 
courses: | 

1. Preparatory course of three years, comprising the subjects 
usually studied in the first two years of higher technical schools. 

T The instruction is mostly theoretical. No specialization is evident 
in this course; the students perfect themselves in higher mathemat- ' T 
ics, drawing, and become familiar with methods of scientific study 
arid research. - . 

I, * • 81797°— 17— ' ' V 
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2. Course of civil engineering, covering three years. It corre- 
sponds to the specialized part of the course of standard higher 

** schools of civil engineering in the leading countries. Several lines 
of specialization are gradually developed during the course, ending 
with competitive examination in projects in the following branches : 
Architecture, interior navigation, mechanical engineering, iron 
bridges, appliod electricity, and maritime construction. 

3. Course of electrical engineering, covering four years. It is or- 
ganized on a different .plan from the engineering course in that it 
comprises a complete electrical engineering cttarriculum within its 
four years of instruction, without a separate preparatory course. 
Specialization begins as early, as the second year, and throughout 
the course considerable time is devoted to practical exercises. In 
the fourth year, in addition to the special subjects, political econ- 
omy, finance, and administration are studied. 

4. In connection with the school of electrical engineering there is 
a six-year course for electricians (Curso de Montadoros Elecfcricistos 
Mecanicos), corresponding in scope to the industrial courses consid- 
ered above. * 

The Institute of Agronomy and Veterinary Medicine offors the follow- 
ing courses: 

1. Course for engineers in agronomy, covering five years. 

2; Course of veterinary medicine, covering five years. 

3. Course in agronomy (agricultural course of high-school grade), 
covering three years. 

4. Course for rural wardens, covering three years, of the same 
scope as the foregoing, but specially designed to train administrators 
of scientifically conducted farms and plantations. 

The institute owns considerable real estate and other valuable 
property which is inalienable under* the law's of the State. It is 
endowed with well-equipped laboratories, shops, etc., and is in agree- 
ment wkh a number of private industrial plants for practical work of 
students. . 
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